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HonounapLs Sins, 


HE enſuing treatiſe was com- 


| piled chiefly for the aſſiſtance | 
and uſe of the Officers employed in his 
Majeſty's revenue of Exciſe, &c. under 
your Honours management and direc- 
tion; which being the product of my 
leiſure hours in that ſtation wherein 
you were pleaſed to place me, it natu= -+ 
rally and of right belongs to you; 
therefore (as in any bound) I humbly _ 
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TN the following pages I have collected together all 
. the; malt vſcful and neceſſary directions that are 
practiſed by the officers of the exciſe, in the whole art 
of paging, and given the moſt conciſe rules for per- 
forming them. Throughout the whole I have en- 
deavoured to free the art from all thoſe obſcurities, 
and mixtures of other things, which are frequently 
met with in books of gaging, are foreign to the pur- 
poſe, and of no ſervice to the practical gager, but to 

puzrle and perplex rather than to inform him. 
I have proceeded gradually from ſtep to ſtep in every 
reſpect, reduced the theory of the art to the preſent me- 
thod of practice, and have laid down the whale in the 


plaineſt and eaſieſt manner, by giving familiar rules, | 


and examples, wrought both by pen and rule; ſo that 
any one but of an ordinary capacity may readily com- 
prehend them, and ſoon become maſter of the whole art, 
The methods of performing the buſineſs of gaging 
are not only here ſhewn, but the grounds and reaſons 
alſo why the gager is to proceed in ſuch and ſuch a 
manner; which will enable him to underſtand what 
he is about when he is upon his duty. On thoſe heads 

where others bave e to long. I have been the 
ſhorter: and where they have been too brief, thoſe 
heads I have enlarged and explained, - 
In this undertaking I have ſtrictly adhered to ape 
methods which are now made uſe of by the officers of 
exciſe ; and though many of the examples are wrought 
by a different proceſs, yet the folutions are exactly the 
ſame; ſo that the young gager is left to his choice in, 
the uſe of that operation which he finds to be fitteſt 
or his purpoſe. _ 3 : ey: a FM 
. I am ſenſible that there have already been a multitude 
af books written on this ſubje by perſons of ſuperiot 
abilities; many of whom have treated it in a very learned 
and judicious manner, as far as it relates to the theory. 
of the art. And others too have handled the practical! 
A3 part 
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part of gaging very well; that at firſt view one would 


be ready to imagine that there could be nothing further 
needful written on this head. But on a cloſer review 
of the ſeveral treatiſes extant, on this ſubje&, om 3 2 
not find any of them fo well adapted to the pfeſent me 
thod of practice as one might reaſonably expe for fome 
of them are written in a ſtyle beyond the reach of a com- 
mon capacity to comprehend, unleſs he were acquainted 


5 with the algebraic art; and others who have treated on 


and purpoſes, 


the practical parts of gaging, have intirely neglected, 
or ſuperficially paſſed over, ſeveral uſeful things which 
are of abſolute neceſſity in practice. „ 
On this account, and at the inſtigation of ſome of my 
friends in the exciſe, I was prevailed upon to compile 
this tract, which, without any farther apology, I here 
preſent the reader with, relying upon his candour in 
excufing the inaccuracy of ftyle, or any other errors 1 
may have been guilty of in the courſe of it. a 
I doubt not but many into whoſe hands this book 
may come, will be ready to object, “that they can ſee 
4% nothing in it but what every officer of exciſe muſt 
4% know;” and this I as readily acknowledge. But 
the deſign of its publication is not for the information 
of ſuch as know theſe things already, but for the ſake 
of young beginners, and candidates for the exciſe, Be- 
fides, it would be a ſign of preſumption in me to attempt 
to introduce new methods of gaging into practice, 
when thoſe already made uſe of, and which ate injoine@ 
by my ſuperiors, fo fully anſwer the end to all intents. 


My intent was only to collect together, in as ſmall 
a compaſs as poſſible, every thing that would be uſe- 
fol, neceſſary, or curious in the art of gaging; and: 
to lay down rules and precedents to be applied upon 
every emergency without the help of any other book. 
How far 1 have anſwered this end is ſubmitted to the 
practical gager. And if what I have done ſhall prove 
of any ſervice to my brother officers, I ſhall tbink my 
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1 EXPLANATION « of u the « CRABACT ERS. 


OR the ſake of ſhortening the work I have mad 
Tuſe of a few algebraic _ or nen which 
are explained as follows: 


®y " * 1 
- by > 4 p PA 
Sig ns or | Phy. ol 5 
* 0 0 * £ 1 . > s i . 7 
4 © : 1 


Nb . 
This character is me few of addition: * 
) 4s 605 ſignifies that 6 and 5 are to 
be added together.. 
This character is the ſign of ſubſtrac= 
- leſs. tion: As 9—4 ſignifies that 4 is to 
| be ſubſtracted from . 
8 This character is a ſign of multiplica- 
* multiplied. ] tion: As 7 3 ſignifies that 7 is 40 
| h de multiplied by Nl 
This character is a bien equality: 4 
13 As 7 2 7 or 645 =11, or 12—3 
„ =9 Genifies that 7 is equal to 7; 
bo r 115 and 12 leſs 
3 is equal to | | 
; This character is a fign of proportion, 
and is always put between the two 
middle terms in the rule of three : 
| HEH is to ſo is to 772.5 
Thus 4: 8:: : 5: TO, which Sante | 
fies that as 4 is to 8, ſo is 5 to 10. 
Tnis is the character of ſtrong beer. 
This js the character of ſmall beer. 
Ale gallons: © - ao #% oh 
Wine gallons. 
Malt Buſhels. 
The gagepoint. | 
The4quare gagepoint. 
-T he circular en. 
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THE 
PRACTICAL GAGER.: 
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CHAP. I. 


Of DcIuAL FRACTIONS. 


'Y deſign here is not to treat the ſubject of De- 
M cimal Fractions at large, for that would re- 
| quire a volume of itſelf larger than I intend 
this to be; beſides, that has been already done by ſo ma- 
ny hands, that I think it quite needleſs to add a great 
deal on that head. Therefore I ſhall only give a few ſhort 
and eaſy rules, and ſubjoin ſome familiar examples, to 
aſſiſt the memory of thofe who have already learned it, 
which, if thoroughly underſtood, may be made appli> 
cable to all the various caſes of practical gaging. 


7 — — 


ART. I. 
C NorarioN of DectMals, 
A® in whole numbers the value of every figure from 
the unit's place to the left hand increaſes in va- 


lue, in a decuple or tenfold proportion; ſo in decimals 
every figure to the right hand of unity decreaſes in va- 


lue in a decuple or tenfold proportion, as will appear by 


the fol owing table. g 
e N Whole 


# — 
— 


2 Of Decimal Fractions. 

| Whole Numbers. Dead.. 

| | WY - 
8 E Sc 

| RR 2 & 8 = 
SS , Sa ftngea0g. 
K SAG 10888 
7654321, 234367 


And whereas cyphers at the left hand or before whole 


and , 4560 is = , 456. But cyphers at the left hand of 


as will appear by the following table: 
5 Thus, 
** Tenth Parts 
505 is C Parts 
oog M Parts 
20005 XM Parts | 


*. 


of Unity. 
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„ 4 
Of ADDITION and SUBSTRACTION of DECIMALS, 


T' HIS is performed in the ſame. manner as in com- 

mon arithmetic, only remember to place primes 
under primes, ſeconds under ſeconds, thirds under 
thirds, &c. as in the following examples: 


EXAMPLES. 


- ADDITION, SUBSTRACTION. 
To;-45;0053 — | | Kew + [23,0040 - 
Add 34,0632 Subſtract 22,98764 _. 
Zum = 79,6685 Diff. - 506876 
NEE. 1 9 2 . „ 
LONG: kth . | : | : 
3 2 a 8 1 : * 2 5 ' To | 
<> LES 
PRAL 


Of Decimal Fractions. 3 


To 4006532 From 6, 40938 
Add 7 | Subſtract 5,84.7603 
Sum = 77 1571 11298 5693335 


This being ſo eaſy that I ſhall add no more examples. 


IR” + 1 


„„ An Wl 
- MULTIPLICATION of DECIMALS. 


RULE I. 


Ultiply both factors together as in common arith- 
metic; when done, count how many decimals 
there were in both factors, and ſo many figures prick 
eff in the product for decimals. © 
II. If it ſhould happen that there ſhould not be ſo 
many decimals in the product, as there were in the two 
factors, then add as many cyphers to the left hand of 
the product as will make up that deficiency. See the 
following examples: . + 


EXAMPLES. 


Maltiply 8,506 | 007654 
By 6,296 | 5003542 
51036 TE. 15308 
76554 30616 
. „ 
r 22962 
Product 53,5537 ,000027 110458 


In the firſt example there are three decimats in each 
factor: therefore I prick off ſix figures in the product 
jor decimals ; and in the ſecond example there are ſix 


_ decimals in each factor, and their ſum is equal to twelve: 


but there being only eight figures in the produR, there- 
fore I add four cyphers more to the left hand of the pro- 
duct, which makes the number twelve, equal to the 
= B al t 


2 number | 


4 Of Peelmel Frsctione. 


number of both lactore, which i is ee. F muſt 
be demie in all TLaſes. 


8 — a | 23 


K RT. IV. 
DIVISION of Dres. 
„ r 1 
A* many more decimals as there are in the dividend 
than the diviſor, ſo many figures prick off in the 


otient for decimals. 
II. But if there are not ſo many decimals in the divĩ- 


9 „„ 


% 1 "*" 


dend as there are in the diviſor, then add as many cy- 


phers to the right hand of the dividend as will make 
their number equal, and in that caſe the quotient will 
be integers, or whole numbers. Dee the * ex- 


amples.: : 


EXAMPLES. 


282,), een | 17854)282,0000(359,05 | 
n 23562 
1 as 5 „ 
2214 a 
6 116.4648 — 
2400 n 
2256 70686 
1440 41400 
: 14¹⁰ 39270 
30 Rem. | 2130 


Tn the firſt example there are fix decimals in the di- 
vidend, and none in the diviſor; conſequently fix fi- 
gures are to be pricked off for decimals in the quotient. 
But there are only four figures, viz. 2785 produced in 
the quotient by diviſton; therefore I add two cyphers 


to the left hand of the quotient, which will make it 
4 true, 


25, Decima] Erachiong 5 


true. In the ſecondexample;thexe axe four decimals in 

the diviſor, and none in the dividend, therefore I add 

four cyphers to the dividend, which makes their num- 

ber equal, and the quptient comes out whole numbers, 

viz. 359. The other two figures are gained by adding 

cyphers to the remainder, _ 22 15 
More EXAMPLES. 


2576), 50650019  3005)725,000(145000 
256 5 
2505 22 
2304 20 

201 | 83: : 


In the firſt of theſe examples there are three decimals 
more in the dividend than in the diviſor; for ;which 
reaſon there muſt be three decimals in the quctient : 
Therefore to the quotient 19.1 prefix a cypher, which 
makes it true, RR i 25 

In the ſecond example the diviſor canſiſts of three 
places of decimals; and as there are ge decimais in the 
dividend, I add three cyphers, which make their num- 
bers equal, and the quotient comes out whole numbers. 

And thus, by obſerving theſe general rules, the value 
of the quotient may be diſcovered in all caſes. 


— — rr — 
KN T. . 
Of RE Dc TION of DECIMAIS. 
1 reduce a vulgar fraQion to its equivalent value in 
| N | n 


decimalss. 
RULEZ. 


Divide the numerator of the given vulgar fraction 
by its denominater, and the quotient will be the deci- 


ug E X- 


mal iequired. 


Of Decimal Frations, 


6 : 
= EXAMPLES. 

What are the Decimals of 2, 2, and 17 
rn = 
4)r,oo(,25 2) 100,  4)3,00(»75 
| 8 10 28 

20 1 9 
20 | 20: 
O 5 0 


Thus I find the decimal of 1 = ,25, 1 = „5, and 

=,75. In like manner may any other vulgar fraction 

be reduced when the numerator and denominator con- 
ſiſts of more than one figure. 


As for example, What is the Decimal of 115 


OPERATION. 


2 r 68 = = Decimal required. 8 
150 
200 LOIN - 
200 MELT 


AT 


Note, When there is a remainder, add cyphers to it, 


and continue the diviſion till you have gained fix places 


of decimals in the quotient, which with) be ſufficient for 
moſt purpoſes. : _ 


1 


"Fen A . 


O reduce the different genominations ef money, 


weights, and meaſures to their Ee decimal 
Expreſſions. 


RULE, 


Of Decimal Fractions. 7 
£35 | RULE | 
I; Place the ſeveral denominations orderly over one 
another, (the leaſt uppermoſt) then 

II. Divide the leſſer denomination by the number of 
units of that denomination contained in the next greater 
denomination, and add the quotient to the next greater 
_ denomination. R 5 KL 

III. Divide this number by the number of units of 
this denomination contained in the next greater, and 
add the quotient to the next greater denomination, and 
ſo proceed to do till you arrive at the decimal of the 


integer, which will appear more plain by the following 
examples: | 


: EXAMPLES. 
Let it be required to reduce 105.94, and 15 5. 64, 
V. each to its equivalent decimal of a pound ſterling. 


OPERATION... 
Pence 12 9 | | Farthings ; 
Shillings 20010, 75 Pence 4 12 5 75 

23375 \ Shillings 201.5625 


ES | | _ V778125 
By which I find the decimal of 105. and 9d. , 5375. 
and that of 15s. 6 d. 3f. =,778125. And in like 
manner may any other denomination (whether they be 


weights or meaſures) be reduced to their equivalent 
decimal expreſſions. | : 


2 


ART. VII. 


10 reduce or find the value of any decimal fraction. 


RULE. 


Multiply the given deci mal by the number of units of 
the next leſſer denomination contained in one of that 


4 | deno- 


ith 
IT" 
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| Of Deciindl Peadlione. 


© denomination which the decimal reſpects for its inte- 


ger, and from that product cut off ſo many figures as 
there were in the given decimal, and this decimal mul- 


tiply by the next leſſer denomination, and prick off the 


firſt number of decimals, and thus proceed to do till 
you have multiplied by all the denominations contained 
in the integer. Then the whole numbers on the left 


hand of the ſeparating point will be the value of the 


decimal required. | 
5778125 l. 7 


OPERATION. 


_ 778125 

8 20 6 fs, 
— — — f — 
10,7500 254562500 

__— | 12 
9,0c00  6,750000 


' 3900000 | 


By which I find the value of 55375 105, 9.4, and 
that of, 778125 55. 64. 37. which are the ſame as 
were required to be reduced in the laſt article; and in 


this manner may any other decimal fraction be reduced. 


But the value of the decimal of a pound ſterling may 
be diſcovered by inſpection only. 1 8 


RULE. 


The primes place double, and account ſo many 
ſhillings ;- if the ſecond figure be five or more add one 
ſhilling more to the double of the firſt figure. And if 
any thing remain above five in the place of ſeconds, or 


if the ſeconds are under five, account them as ſo many 


tens, to which ſaid tens add the figure in the third 


Place, which will be ſo many units. Their ſum ac- 


count 


Extraktion of the Square Root. 9g 


count as one entire number, which being made leſs 


by one in every twenty-five will be farthings, to be 


added to the ſhillings before found. and this ſum will 


be equal to the value of the given decimal, which will 
be more intelligible by the following examples : 


1 5 EXAMPLES. 


What is the value of ,9625/.? - 

The firſt figure is 9, which doubled is 18; the ſe- 
cond being 61 take 5 from it, and add 1 to the 18, 
which makes 19s. The remainder of the ſecond fi- 
gure above 5 Is 1, which is 10 farthings, and the fi- 
gure in the third place, being 2, I add to the 10, which 
makes 12 farthings. The 1 in the fourth place, 
being 5, or a half farthing, is abated according to the 
rule; for if 25 abate I, 12, 5 will abate 5 tenths. So 
[ rm the value of the given decimal to be equal to 19 5. 
Ze * 


n like manner may the value of the decimal, 53751. 


be found equal to 105. 9d. And that of the decimal 


778125“. equal to 155. 6 4, 3/. or the value of any 
other decimal of a pound ſterling. | | 


eee eee e 


CHAP. II. 
Of ExTRACTION of the Square Roor. | 


PT O extract the Square Root of any whole or mixed 


number. 


e nee ft, 
A ſquare number is produced by multiplying any 


number by itſelf, as 4 X by 4 210, the Square of 4, 
| The 


and 5 & by S a5, the ſquare of 5, &c, 


3 
ö 


10 Extraction of the Square Root. | 


The roots are either ſimple or compound. The ſim- 
ple roots with their ſquares are exhibited in the fo)low- 


ing table, which ought to be got by heart : 


A Table of Roots and Squares. 

Rs. [riſ2[3[41516[7]18] 9] 
— [1l[4[9]16]25] 36] 49 [64[Bi| 
Compound roots are thoſe which confiſt of more 


than one figure, as 36 x by 36=1296, the ſquare of 


36, Sc. Therefore to extract the ſquare root of any 


number is to find a number that being multiplied by 


itſelf will produce the number given. And in order to 


this obſerve the following rules. : 


F. Put a point over every ſecond figure (beginning 
at the unit's place from the right hand to the left); and 
as many points or periods as there are in the given 
number, ſo many figures will be in the root. 

II. See what is the neareſt leſs ſquare number in your 
firſt period to the left hand, which may be known by 
the foregoing table of roots and ſquares, and whatever 


you find it to be, place the root of it in the quotient, 


and the ſquare of it under the firſt period, and ſubſtract 
it from that period ; then to the remainder bring down 
the next two figures or period. | . 
III. To find what the next figure of the root will be, 
double the root before found, and ſet it to the left hand 
of the remainder for a diviſor; then ſee how often you 
cn have that diviſor in the remainder, augmented by 


one of the figures laſt brought down; and as often as. 
you find it will go, place it in the root, and alſo in the 
unit's place of the diviſor. 


IV. Laftly, Multiply this augmented diviſor by the 
laſt figure ſet in the root, and ſet the product under the 
remainder, and ſubſtract it from it; then bring down: 
the figures in the next period, and add them to-this laſt 
remainder. Then again double the root for a diviſor, 
and thus proceed to do till all the periods are brought 
down; and if any thing remains add two cypbers to the 
m7 Ee a remainder 


2 


Extraction of the Square Root. 11 


remainder and repeat the work. Note, for every pair 
of cyphers you add, you will have one decimal in the 
root. When the given number conſiſts of whole num- 
bers and decimals, the whole numbers muſt be pointed 
as before directed. But the decimals muſt be pointed 
the contrary way, viz. every ſecond figure to the right 
hand from the unit's place; and when there is an odd 
decimal, add a cypher to make their number even. 


EXAMPLES. 


What is the Square Root of 256? - 
OPERATION. 
256(16= Root. 
4 ; 
26)156 
156 
a O | 2 
In the above example there are two points, the firft 
en the figure 2. The neareſt leſs ſquare to 2 is 1, 
which alſo is the root; therefore I place the 1 in the 
root, and alſo under the figure 2, which is the firſt pe- 
riod; then J ſubſtract the figure x from 2 and there re- 
mains 1, to which I bring down the next period 56; 
then I double the root, viz. 1 % 2 = 2, which I ſet in 
the diviſor's place: then I feek how often 2 will go in 
15, which I find to be ſix times; therefore I place 6 in 
the root, and alſo in the diviſor's place. Then I mul- 
tiply my diviſor 26 by 6, the laſt figure in the root, 
and the product 156 I ſubſtract from the remainder 
augmented by the laſt period, and there remains no- 
3 bs I find the root of 256 to be 16; for 16 x 
Gans. SLRS 
The way to prove the work is to multiply the root 
by itſelf, and the product, with the remainder (if any), 
wilt be equal to the given ſquare number, if right, 
otkheriſe. not. 8 
OPS; B. 6 E X- 


l R renn e. . 
n : 1 u 9 * S = = 
8 & < ; k 
* 'F 4 
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12 Extraction of the Square Root. 
| EXAMPLE II. 
What, is the Square Root of 2822 
OPERATION. 
Eb 282(16,79 = Rot. 
* | 
26)182 
156 ; 
327)2600 / 
2289 | 
3349)31100 _ 
230141 
| Remain 959 
EXAMPLE Ut 
What is the Square Root of 6ab50, 97 
| 62650,90(250,301 = Root. 
4 2 | 
45)226 
© 0g 
$003) 1500 : 


T5009 


Sooo) 10000 * 8 
rr * 


W 


| 309 399 Remainder. 


When you cannot have your diviſor in your divi- - 
dend (without counting the figure in the unit's * 
. 25x, oe oh 3 


0 5 
CY Pg 


— 


i 
Ek Eg” * 
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then add a cypher to the root, and alſo to the diviſor, 
as in the laſt example, and bring down the next period 
(if any), or add a pair of cyphers, and proceed accord- 
ing to the foregoing rules. And in this manner may 
the ſquare root of any other whole or mixed number be 
.. extracted, bp | 


— . 


2 n 


II. To extract the SQUARE RooT of a DECIMAL 
55 FRACTION. | 


TH S differs nothing from the extracting the roots 
of whole numbers, except in pricking off of the 
roots; for as in whole numbers we begin to prick off 
every ſecond figure from the right hand to the left, ſo 
in decimals we muſt begin at the left hand, and prick 
off every ſecond figure to the right hand, which is juſt 
the reverſe. . 3 ry He; : 
Note, If the number of figures are odd, always add 
a cypher to the right hand of the given ſum before 
you begin your work, to make them even. A few 
examples will make this plain. | 


EXAMPLE I. 
What is the Square Root of „00046225 
FFF 
„00046225, 0215 Root. 
an 


425)2125 
2125 


o Remainder, 


— 


EXA M- 


1 Extraction of the Square Root. 
= $2 507 0) MORA EPI; ET; 
What is the Square Root of ,0643 52 
| OPERATION. 


635625367 = Rot. 
it 5 


1 | 8 


503) 1850 
5 1509 
| 5066) 34100 
3, ro r 
50727) 37040 — 
2388089 


15311 Remainder. 


EXAMPLE III. 
What is the Square Root of 358642 
OPERATION. 
28864!898865 = Root. 
| „ 
«| 109) 1086: 
4 | | 981 


1188) 10540 
- 9504 


11968) 103600- 
95744 


119766) 78560 
718596 


199772 93 6700400: 
- are 25 


. LE 1 by 211775 Remainder; 


18 W — _ 
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Thus may the roots be found to what exactneſs you 
pleaſe by conſtantly adding two cyphers to the remain- 
der. But ſix decimals are enough in moſt caſes, and 
even two are enough in many caſes. Bo 

If what has been ſaid on this head be perfectly under- 
ſtood, it will be no difficult matter to extract the ſquare 
root of any number whatſoever ; therefore I ſhall add 
no more examples on this head, but proceed to the next. 


$$$$55050$0050:50000404 $4 
een e - 
Of EXTRACTION of the CUBE Roor. 
Hh DEFINITION. | 
E. A Cube number is produced by multiplying any 


+ * number by itſelf, and again multiplying that pro- 
duct by the ſame number: That is, if you ſquare any 


number, and multiply that ſquare by its root, the pro- 


duct will be the cube of that number. Thus, 2 x by 2 


=4, the ſquare of 2: and 4 x by 28, the cube of 2. 
Again, 5 X by 5 25, the ſquare of 5: and 25 x by 
5 2125, the cube ot 5; and fo of any other. 
II. The roots are either ſimple or compound. The 
ſimple roots, are found by inſpection as in. the follow - 
ing table: | 18 8 15 1 


4 Table of Roots and Cubes. 


1 AE SETTER EY: 
Cs. 11.18] 27 | 64 | 125 | 216 | 343] 5121729]. 


The compound roots are ſuch as conſiſt of two or 


more figures; as 12 is a compound root, and 12 * by 
12 144, the ſquare of 12; and 144 * by 121728, 
the cube of 12 and ſo of any other numbers. 


Lo 


Pd 


16 Extract ion ef che Cube Root, 
Toextraft theCo ee 795 Roor of any namber given. 


a I. ASi in the extraction of the ſquare root, put a point 
over the unit's place of the given number, and in- 

ſtead of putting the next points over every ſecond figure, | 
put it over every third figure towards the left hand ; and 
as many. points, or periods, as there are, ſo many fi- 
gures will be in the root. If there are any decimals 
in the given number, then prick off every third deci- 
mal from the unit's place the contrary way, viz. from 
the left to the right hand; and when there happens to 
be but one or two decimals in the-given number, then 
add one or two cyphers to' make up three figures in or- 
der to compleat the period. 

II. Find the neareſt leſſer cube (by the foregoing ta- 
ble) in the firſt period towards the left hand, and place 
the root of it on the right ſide of the crooked line, and 
the cube of it ſet underneath the firſt period, and ſub- 
ſtra& it from it, and to the remainder oy down the 
next period, which call the reſolvend. Fr 

III. To find the next figure in the root triple the root, 
and ſet the unit's place of the triple root under the unit's 
place of the reſolvend. Then ſquare the root and triple 
that ſquare, the product of which ſet down as in multi- 
plication under the triple root, viz. units under the ten's 
place; then draw a line, and add theſe two numbers to- 
gether for a diviſor. | | 

IV. Find how often you can have your diviſor in i the 
reſolvend without counting the unit's place of the reſol- 
vend. And as often as you can have your diviſor in 
that part of the reſolvend ſet in the root's place, and ob-. 
ſerve the following directions: 

1. Cube the figure laſt placed in the root, and ſet the 
unit's place of that cube under the unit S place of the 
reſolvend. | 

2. Square the ſame, and alas that ſquare by the 
triple root before found, and ſet the unit's place of this 
product under the ten's place of the cube. 

3. kr the triple n of the root by to laſt 

gure 


7 EPR . 
* * 
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figure placed in the root, which product ſet down un- 
der the 1 of the ſquare and triple root, placing 
units under tens as before. 1 nn r 
4. Draw a line, and add theſe three ſums together and 
ſubſtract it from the reſolvend, and to the remainder 
bring down the next period (if any), or add three cy- 
phers, which will be a new reſolvend; to which, by the 
foregoing rules, find a new diviſor, and thus proceed 
In all the ſteps as before directed till all the periods are 
brought down, or till you have gained as many decimals 
in the root as you ſhall find needful. The following 
examples will make it more plain 8 
"RE FMT 
What is the Cube Root of 17287 | 
OPERATION. 
1728(12 = Root. xs 
7 Cubeof 1 ſubſtract. 
0728 Reſolvend, 
3 Triple of the Root x. 
. Triple Square of the Root 1, 
33 Diviſor, | Ir wm ON 
8 Cube of 2, * = 8 
12 Triple of. Root r by 1 of 3s. - 
6 Triple Square Root x by 2, 
Sum 72 Subſtra@ from Reſolvend. 
3 = NS. 

In the foregoing example I put a point over the fi- 
gure 8 in the unit's place, and on the figure 1, which 
is the third figure towards the left hand; then the firſt 
period is 1, and the neareſt leſs cube of x is 1, and 1 is 
alſo the root, which I place in the root's place, and un- 
der the firſt period; then 1 from x ſubſtracted leaves no- 


thing, to which I bring down the next period 728, 


which is the reſolvend. The root 1 tripled is 3, which 
I place under the unit's place of the reſolvend, and the 
ſquare of 1 is 1, which tripled, is alfo? 3, which 1 


— 
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in the ten's place under the triple root. The ſum of 
theſe two numbers is 33, which is the diviſor: Then I 
ſeek how often I can have 33 in 72, the two firſt figures 
of my reſolvend, which I find to be twice: Therefore 
I ſet the figure 2 in the root's place, then I cube the fi- 
gure 2, which is equal to 8, 'and ſet it under the unit's 
place of the reſolvend ; then the ſquare of 2 =4 I mul- 
tiply by the triple root 3, which =12, and ſet it down 
under the ten's place of the cube ; and laſtly, I multiply 

the triple ſquare of the root 1 by 12, which S, and 
place it under the ten's place of the laſt product. The 
ſum of theſe three numbers thus found =728, I ſub- 

ſtract from the reſolvend, and I find nothing remains, 
and the root required = 12. 


LE AAMPLE 0” 
What is the Cube Root of 34645976? 
__ © OPERATION, 
6(226 Root. 
1 (Fade of the Root 3. 
Reſolvend. 4 
Triple of the Root 3. 
Triple Square of the Root 3. 
Diviſor. 
Cube of 2. | 


Square of 2 x by the Triple Root. 
Triple Square of the Root x by 2. 


Subſtract from the Reſolvend. 
Reſolvend. 1 76 
96 Triple Root 32. N 
3072 Triple Square of the Root 32. 
30816 Diviſor. DS 
2216. Cube of 6. 3 
3456 Square of 6 „into the Triple Root. 
18432 Triple Square of the Root * by 6. 
Sum 1877976 Subſtract from laſt Reſolvend. 


Remains o EXAM- 


0 © „ 


1 


rr 


which mult not exceed the reſolvend. 
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„ db X AM PL E II. 
Wbat is the Cube Root of 47,5? 
OPERATION. 
27500 3,62 = Root. 


7 
\ 20500 Reſolvend. 
9 
27 
2279 Diviſor, 
240 -- 
324 
8 | > 
10556 Subſtrahend, | 
 - 844080 Reſolvend. 
A 
23888 
38988 Diviſor. 
| =. 
432 
2728 - TOR! 
781928 Subſtrahend,. 
Rem, "62072 : 


; Thus I find the root of 47,5= 3.62, and ſomething 


more. If you have a mind to have the root nearer the 
truth, you may, by adding of three cyphers to: the re- 
mainder for every decimal you gain in the root, come 
to what exactneſs you pleaſe. Here obſerve, that it will 
be neceſſary to ſquare the root upon a piece of waſte pa- 
per when it becomes large, and alſo to find your ſub- 
ſtrahend in the ſame manner, before you enter it in its 
proper place ; for then, if you find it to exceed your 
particular reſolvend, you may place a leſs figure in the 
root, and work again afreſh for a new ſubſtrahend, 


The 
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The way. to prove your work is to multiply the root 
by itſelf, and that Nee hy the root ; Which ſum, with 
the remainder, will be equal to the given whole number 
* right, otherwiſe. not. ITT: it . 


8 
i * — oY e 


„„ 


II. Of the Uss of the Cuns RoorT. 


T'HE chief uſe of the cube root is to diſcover the 
proportion of lines. to ſolids, and of ſolids to lines; 
for like ſolids, ſuch as globes, cylinders, cubes, &c. 
are in triplicate proportion to their like ſolids : there- - 
fore, as the cube of the diameter of any ſolid is to its 
weight, or ſolidity, ſo is the cube of the diameter of 
another like ſolid to the weight or ſolidity thereof. 


EXAMPLE I. 

If an iron bullet of four inches diameter, weigh 9 
pounds, what will an iron bullet of 8 inches diameter 
weigh ? 5 | 
| RULE. 
Multiply the cube of the third-term by the ſecond 


term, and divide the product by the. cube of the firſt 
term, and the quotient will be the anſwer. 


OPERATION. 


Cube. Wt. Cube, Wer. 
„„ BEE: Wi! 8 
I 7: 


64)4608 - 

448 
128 
128 


o 


* 
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220207 DE XAMPP LE H. 
| If a fathom of rope of 10 inches circumference weigh 


17 lb. how much will a fathom weigh of 8 inches 
circumference ? ; | £6 


OPERATION. 


Cube of 10. Ib; C. of 8. lb. 
As 1000 : 17: : 512 : 8 794; = Anſwer. 


—_ 


- 


F 512 81 » 
1, ooo)8, 704 = Remainder. 


Another EXAMPLE. 


Having the dimenſions of a conical, or other veſ- 
ſel given, with the content thereof, and: I wanted to 
make another that ſhould contain more or leſs gallons 
of a ſimilar form. . | Fl ets 
RULE. : 

To ſolve ſuch like queſtions, there muſt be three 
proportions wrought : 1. As the content of the given 
veſſel is to the cube of the given diameter at the top, 
ſo is the content of the 3 ſought to the cube of 
its top diameter. 5 | | . 

II. As the content of the given veſſel is to the cube 
of its bottom diameter, ſo is the content of that ſought 
to the cube of the required diameter. 

III. As the content of the given veſſel is to the 
cube of its depth, ſo is the content of the veſſel ſought 
to the cube of the depth ſought. Then, if you extract 
the cube root from theſe three numbers, thus found, 
you will have the ſeveral dimenſions required. 


For EXAMPLE. | | 
Suppoſe a conical tun of the following dimenſion 
and content, viz. top diameter = 30 inches, bottom 
; 5 | | diameter 


+ =& 
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bottom diameter =. 40 inches, depth = 20 inches, and 
the content =68,5 ale gallons, and it were required 
to make another of the ſame form, that would contain 
go gallons, what muſt its dimenſions be 


_ 


1. Proportion for the Top ee 
Cont. Cube of 1. Cont. Cube of T. 
Diameter. Diameter. 
As 68,5: 27000 : 90 35474,452. 
2. Proportion for the Bottom Diameter. 
Gallons. Cube of B. Gallons. Cube of B. 
Diameter. n Diameter. 
As 68,5 :. 64000 : : go : 8408, 576. 
3- Proportion for the Depth. 


| Gallons. Cube of Depth. Gall. Cube of Depth. 
Ae 68,5 I_ 8000 "2.78 * 10510,948. 


By extraRting the cos roots of the fourth term of 
each of the three foregoing proportions, I find the top 
diameter required = 32,8 inches ; the bottom diameter 
= 25d ; and the depth 1 9 inches; the dimenſions 
required. | 

But ſuch kind of queſtions as theſe are ſolved with 
a vaſt deal leſs trouble by thoſe ſliding rules which 
- have the line E upon them ; for at once ſetting of the 
rule for each proportion, all the required dimenſions 
are found without any more trouble. On account of the 
excellency of the cube line upen the rule for working 
any queſtion in triplicate proportion, I have given rules 
for extracting the cube root by the pen. in this book, 


in order to enable the young Gager to do it the better 
30 the rule. | | 
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In Shes # 84 ba 
A Drsckir rio of the SLIDING RULE, and of the ſe- 
veral lines upon it, with directions how to find any num- 
ber thereon; together with the application of thoſe lines to 
Multiplication, Diviſion, the Rule of Three, &c. | 
A Dxscairriox of the RULE. | 
'T: HIS inſtrument is common] made of box or 
ivory, of divers lengths, viz. 6, 9, 12, 18 inches 
long, and ſometimes longer: but that is not material, 
. becauſe they are all made after one and the ſame man- 
4 ner, with this only difference, the longer the lines are, 
: the more ſubdiviſions they will admit of. „„ 
pf What I ſhall here treat of is the common rule of 12 
p inches long, which if thoroughly underſtood, that of 
r any other length will be eaſily Known. 
1s 1 | I . 2 DI TESHE IR OY & Kane. #8 
h nes; 4117] ale MM Meters ano ng | 
$ An EXPLANATION of the LinEs on the RULE. L 
s . OF the lines on the firſt face or ſide of the rule: ö 
e The firſt line on this face is that on the rule 
8 which is diſtinguiſhed by the letter A, and is common- | 
'S ly known by the name of Gunter's Line, it being a line 
5 of numbers in a geometrical proportion, conſiſting of two 
r radius's, and is numbered from the left to the right 
| band, with the figures 1, 2, 3, 4,5, 6, 7, 8, 9, 1, 2, 3. 
4, 5 6, 7, 8, 9, 10. On this line are put ſeveral brats 
center pins or dots: the firſt is placed at 2150, 42 in 
the firſt radius, and marked M B, ſignifying the cubic 
I inches in a buſhel of malt; the ſecond is at 282 in the 


ſame radius, and marked A G. ſignifying the number 
e 1 . 
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of cubic inches in a gallon of ale; the like marks and 


cond radius. | 3 „ 
2. The ſecond line on this face is that on the ſlide, 
and is known by the letter B, which is alſo a daubl 


- ſame manner, as the line A; ſo that when unity at the 
end of one is applied to unity at the end of the other, 
all the figures of the one are parallel to thoſe of the 
other, and each diviſion and ſubdiviſion of the one are 

collateral to thoſe of the other. On this line are alſo 


7 6, 5, 4, 3, and ends at 2150, 42, where it began. 


3 * 


4 * 
Fre me . * — 


Of the L1xes on the ſecond fact or ſide of the RuLE. 
| 1. T H E firſt line on this ſide is ꝑut on the rule, and 


inning to 10 at the end. This line of numbers of a 


- 
” 


and M p, before deſctibed. On this line alſo are placed 


dots are again repeated at the ſame numbers in the ſe- 


line of numbers, of the ſame length, and divided in the £ 


known by the letter D, which is a line of numbers 
of a ſingle radius, and is numbeted on from 1 at the be- 


WY | . *% * . » <7 4 
| = * radius is juſt the ſame length with the lines A B, 


certain 


0 A * 


JFF ²˙ A aorta —vw.. ͤ!̃ ab 


certain gage points; as, at 1715 is marked w o, figni- 
fying the circular gage point for wine gallons; at 18,95 
is marked A G, ſignifying the circular Fee point for 
ale gallons; at — is marked M 8, 1 


MR, ſignifying the round or circular 82ge point for 
malt buſhels; and, at 6,32 is marked tp, ſignifying the 
circular gage point for a pound of net tallow. _ 

Note, On chis line may all the other gage points, 
mentioned in page 54, be found, although they are not 
pointed out by letters and dots as thoſe before mentioned. 


2. The ſecond line on this face is that put upon the 


ſlide, and known by the letter c, which is a line of num- 
bers of a double radius equal in length to the line p, 
and alſo to the lines A and B, and it is divided exactly 
in the ſame manner as the lines A and 8. 2M 

When the lines D and c are ſet even at both ends, 
viz, Unity at the beginning of the one to unity at the 


beginning of the other; then the line c repreſents the 


ſquares, and the line. o the roots of thoſe ſquares. 
3. The third and fourth lines on this face are two 


lines of ſegments for ullaging of caſks, and are ſet on 


the rule; one of which is marked 8 ls, that is, ſegments 
lying, and the other S*, ſegments ſtanding; and 


with the figures 1, 2, 3, Oc. to 10, and from 10, 20, 
30, 40, % . V 


here in the room of the two lines of ſegments, and thoſe 
ſegments are put on one of the edges of the rule with a 


and in this caſe it will be proper to have the line Þ up- 


as that the line D may ſlide between the lines c the 
ſquares, and E the cubes, for the line E is a triple line 


in length to both the ſingle and double lines of num- 


* 


: 5 ; a : . * ; * ? ' 
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gnifying the 
ſquare gage point for malt buſhels; at 52, 32 is marked 


are both alike numbered from the left hand to the right, 
When the line E is put upon the rule, it is placed 


line of numbers of double radius to ſlide between them; 


on the ſlide, and the line c in D's place on the rule, ſo 


of numbers, conſiſting of three radius's, and is equal 
ders; and as thoſe numbers on e are ſquares to thoſe 
on Dy ſo are the numbers 8 the line E cubes to thoſe 
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on p; ſo that if the line p on the ſlide be ſet even at 
both ends with the lines c and E, you have a table of 
cubes, ſquares, and their roots, viz, on E are the cubes, 


on c ate the ſquares, and on p the roots. 


a "FS... w 
* 3 3 N r 8 2 1 AS . 11 


O the lines on the third face or edge of the rule. 
1. HE firſt line on this face or edge is a line of in- 
ches decimally divided, and numbered on from 
F EL 95 5 ASH AH UC N gr 
2. The ſecond line on this edge is that marked ſphe- 
roid, and is numbered on from 1, 2, 3, to 7, which is a 
line of differences for reducing the firſt variety of caſks 
to a mean diameter. 0 e ee cara 

3. The third line on this edge is that marked, 24 va- 
riety, and is numbered on from 1, 2, to 6; Which is 
alſo a line of differences for redueing the ſecond variety 
of caſks to a mean diameter. EI] ee 
4g. The fourth line on this edge is marked 3* variety, 
and is likewiſe a line of differences for reducing the 
third variety of caſks to a mean diameter. 5 


12 00 


4 „ 


" 
2 
12 


the lines on the feurth face or edge of the rule. 
; 1T HE firſt line on this edge is marked F M, ſigni- 
1 fing foot meaſure, and is numbered on from 1, 
2, 3, to 10; which is for reducing of inches, &c. to 

the decimal parts of a foot. . 

2. The ſecond line on this edge is a line of inches de- 
cimally divided, and numbered on from 1, 2, 3, to 12. 
3. The laſt line on this edge is that marked F o, 
ſignifying the fruſtums of two cones, and is numbered 

on from 1, 2, 3, to 6, which is a line of differences for 
redueing the fourth variety of caſæs to a mean diameter. 
Theſe are all the lines that are uſually put on the 
outſide faces of the rule: on the inſide, or underneath 
the ſlides, there are generally put a line of inches, with 
their reſpective areas in ale gallons at thoſe ſeveral dia- 
me ers; but they being of ſo little uſe in pra kick, It! 
| 5 5 5 Take 
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talen more notice of them: e 1 chink their 
place might be ſupplied with ſomething that would be 


of much more ſervice. 


There are now made a more convenient ſort of llid- \ 


ing rules than that before deſcribed, which were firſt 
invented by Mr. Verie, then collector of exciſe. This 


rule conſiſts of four ſlides with a ſingle radius, and is ſa 
contrived . two of the ſlides work together; by which 
means one of this ſort made 6 inches long anſwers ano- 
ther made the common way of 12 inches, or one of 
inches to another of 18 inches; whereby the diviſions are 
enlarged, and the rule rendered much more portable. 
On each of the four ſlides is put the line of numbers, 
commonly called Gunter's line, with all the uſual marks 
and dots as on the.common rules ; two of which are for 
fliding together between the line D which is broken into 


two parts, and the lines A and M p; the other two are 


for fliding between the lines of ſegments, which are alſo 
broken into two parts. And although the line p and 
the two lines of ſegments are broken into two parts, 
yet they are ſo fi:ly placed. on the ſides of the rule, that 
the two ſlides may ſlide together between them in ſuch 
a manner as that any queſtion may be as readily ſolyed 
as if they were in one continued line, 

Underneath the ſlides are put the lines of varieties, 
the diviſors and gage-points; and alfo the ſeveral fac- 
tors for reducing of goods of one denomination to its 
equivalent value in thoſe of another. 

There is alſo a table of 8 malt diviſor 2150, which 
is doubled, trebled, Tc. times, for eſtimating; the 
content of 'a floor of male f the rule before deſcribed 
be thoroughly underſtood, this will be known at the firſt 
light. . 
Thus have 1 deſcribed and explained all the lines that 


are uſually put on the ſliding rule, and i in the. next place 
intend to ſhew their uſes. 


— 


But here I would obſerve that all thoſe lines are put i 


on the Branan's rule, except the lines of varieties, whoſe 
os 15 be * with proper factors that would 
"WS anſwer 


OE * 
45 * i 


. 
CEE. a" 


*. 
oa 


7:2 


anſwer the ſame end, and may be uſed in every reſpect 


Ik the 
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as a ſliding rule, and even with more advantage in ſome 


. Caſes; for by means of a new contrivance the cube 


line or line E on the. Branan's rule may be made ſo as 
to flide by the line Þ, or the roots, which line is not 
very common to be met with on the ſliding rule. 


————— a 9D 


| | A R T. . P | 
Of Numzration by the line of numbers. 


5 1. T H E line of numbers is divided into nine unequal 
P 


arts, called primes, which are diſtinguiſhed by 


the nine digits, beginning at unity and ending at unity 


and each of thoſe diviſions are again divided into ten 
other unequal parts, called tenths ; and each of thoſe 


| tenths are ſubdivided or ſuppoſed to be divided into ten 


* 


= parts, called centeſms, according as the length of 


the line, or radius will bear. 


Every tenth from 1 to 2 on the line Þ is actually di- 
vided into ten centeſms: but from 2 to 3 the tenths are 


only divided into five parts; ſo there each diviſion con- 
tains two centeſms. From 3 to the end of the line p 


each tenth is divided but. into two parts, and each of 
theſe parts contain five centeſms. | 

2. In the double lines of number, viz. the lines a, 
B, and C, the tenths from x to 2 will admit of only 


five diviſions, each of which diviſions contain two cen- 


teſms. From 2 to 5 each tenth is divided into but two 
parts, each part containing five centeſms ; and from 5 
to 10 the tenths will not admit of any diviſion at all, 
without crowding one another; therefore the centeſms 
muſt be gueſſed at in thoſe places. Z 

3. The figures 1, 2, 3, 4, 5, 6, 7, 8, 9, are all arbi- 
trary points, and may be conceived to repreſent ſo many 


* 


entire units, tens, hundreds, or thouſands. 


Or they may repreſent ſo many tenth, hundredth, or 
thouſand aka parts of an unit. | REY 


gure 1 at the beginning of the line repreſent 
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| one unit, then will the figures 2, 3, 4, 5, 6, 7, 8, 9, 
| repreſent ſo many. units, and the tenths in each of 
thoſe primes will be the tenth part of unity; the cen- 
teſms in each of thoſe tenths will be the hundredth 
- parts of unity. ER | 55 
Or if x at the beginning of the line repreſent 10 units, 
then will each figure forward towards the right hand 
repreſent ten times as many units as the figure expreſſes. 
As for example, if the figure 1 at the beginning of the 
line repreſents ten units, then will the figure 2 repreſent 
20 units, the figure 3 30 units, and the figure 4 40 units, 
the figure 5 will repreſent 50 units, &c. till you come to 
x or 10 at the end of the radius, which will repreſent 
100 units. 5 3 5 
Or the figure 1 at the beginning of the line may re- 
preſent one tenth part of an unit, then each prime to- 
wards the right hand will repreſent ſo many tenth parts 
of unity, and each tenth in thoſe primes will be hun- 
dredth parts of unity, and each centeſm in thoſe tenths 
will be the thouſandth parts of unity. _ 1 
That this may be the better conceived, I ſhall ſubj in 
the following ſchemes:  _ = Ee” 


1. For the fingle radius, or line v. 
From 1 to 2 the tenths are divided into ten parts, 
called centeſms : therefore 


Me 3 © "WT 
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diviſions wil 


& the ſmaller 
preſent 
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From 2 to 5 the tenths are divided into five parts, 
each part containing two centeſms: therefore 
6 02 
; a 200. a | As fs 
From 3 to the end of the line v, the tenths are only 
t divided into two paris, each containing five centeſms: 
e therefore e 


Q ee 
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24ly, For the lines A, B, and c, of double radius. 


ibm 1 to 2 the tenths are divided into five parts, 
each part containing two centeſms : therefore 


» . 


8.8 2 8 11238 013 ZZ 002 
S285 J 
222210. (428) 1. (288) -2 
2 8 C100. 425 P10. J35 2. | 
From 2 to 5 the tenths are divided into two parts, 
each part containing five centeſms: therefore 

5 2335 J SS © os 
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From 5 to 10 the primes are only divided into ten 
parts, ſo the centeſms muſt be gueſſed at : 


'T herefore if the 5 the larger diviſi- 5 01 FE: 
ſent 1500. will repreſent 18 


34h, For the line E of triple radius. 


From 1 to 4 the tenths are divided into two parts, 
each part containing five centeſms : therefore 


0 * ' 
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From 4 to the end of the radius, the tenths, for want 
of room, are not divided at all: | | 


Therefore if the 4 then the larger or 


figure 4 repre-ZJ 4. (diviſions, or J 1 


400. J preſent Clo. 
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By the foregoing ſchemes it will be an eaſy matter to 
conceive what the tenths and centeſms repreſent, when 
the value of the primes are fixed. 1 | 

Here it will not be amiſs to obſerve, 1. Of whatſo- 
ever denomination 1 at the beginning of the ſingle ra- 
dius or line p is of, the 10 at the end thereof will be 
ten times as many. | 

2, Of whatſoever denomination the 1 at the begin- 
ning of the lines of double radius, viz. the lines A, B, 
and C are of, the 1 in the middle is ten times as many, 
and the 10 at the end thereof is'a hundred times as 
many. "ES 2 ; + lo pg. | 84 
3. Of whatſoever denomination the 1 at the begin- 
ning of the triple line or line E is of, that the next 1 
towards the right hand is ten times as many, and the 
third 1 or 10 is a hundred times as many, and the laſt 
1 Or 100 is a thouſand times as many. 5 

By what has been ſaid I imagine that it will be no 
difficult matter to find the point upon any of the lines 
where any given number is repreſented, As for exam- 
ple, ſuppoſe 17, 15 were required to be found upon the 
ine .,. 3 
For the firſt figure (viz. 1) count 1 at the beginning 
of the line p for 10, for the ſecond figure 7, count 7 of 
the following larger diviſions, or tenths, ſor ſeven units, 
which is the point where 17 ſtands; then from this 
point forward count one centeſm for the third figure 1, 
and ſor the laſt figure 5 count half the next centeſm; 
and at that point you will find the dot marked with w o, 
which tepreſents 17, 15, which was required. | 
If it had been required to find ,1715, 1,715 171,5 
or, 1715, they would all be ſound at the ſame point; 
but then the figure 1 at the beginning of the line would 
be conceived of a different value in finding each of the 
above five numbers, viz. 1. 1. 10. 100. 1000. 
By the ſame rule will the numbers 18,95 be found * 

at the point A G. 46.37at Ms. 52. 32 at M. R. and 6.32 
at tp. . „ | 
And in this manner is the point that repreſents any 
| %% 
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ke number found either upon this line or any of the 
i os DA SEEM 57 470% 
But it will be proper to obſerve the following direc- 
tions: 5] eee ee 
I. If the given number conſiſt of three figures, the 
middle being a cypher, then you muſt find it in the firſt 
tenth following the prime of that number. For exam 
ple, let the given number be 406, the firſt figure 4 = 
400 find at the fourth prime; the ſecond figure being 
_ '@ Cypher, count no tenths; but for the laſt figure 
. count fix centeſms, which is a little to the right hand 
of the leſſer diviſion in that tenth; and that is the point 
| Where 406 is repreſented. If the number 404 bad been 
do be found, it would have been found the ſame diſtance 
| from the leſſer diviſion, but on the other ſide towards 
the prime. : „ 
2. If the given number conſiſts of four places of fi- 
gures, having two cyphers in the middle, then it will 
be found near the prime unto which it belongs, viz. 
between the prime and the next centeſm following to- 
_ wards the right hand. As for example, If the number 
2005 were to be found, the firſt figure 2=2000 is found 
at the beginning of the ſecond prime, and becauſe there 
are cyphers in the ſecond and third places, you muſt 
not count any of the tenths or centeſms, but for the 
Jaſt figure 5 count half of the firſt centeſm towards the 
Tight hand, and that will be the point where 2005 is re- 
preſented. 1 F 
3. If the given number conſiſt of 2, 3, or 4 places of 
figures, and all of them cyphers, except the firſt, then 
they are all found at the beginning of the prime unto 
which they belong: ſo that if the numbers were ,003 
„03 30, 300, 3000, they are all found at the ſame point, 
vix. at the beginning of the third prime: or if the num- 
bers were, „064, „04, 40, 400, or 4000, they are all found 
at the ſame point, viz. at the beginning of the fourth 
prime; and fo of any other number. Therefore if what 
has been already ſaid concerning numeration on the 
rule be duly conſidered, and thoroughly underſtocd, 1 
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will be ſufficient for the finding the point on the rule 
where any number whatſoever is: repreſented, without 
adding any more examples: ſo I ſhall proceed in the 
next place, to ſhew the application of thoſe lines to 
multiplication. 1 


1 R T. | 
Of Maultivlication by. the lines A and B. 


WH E N two. numbers are given to be multiplied 
together, whether they be whole numbers: or de · 
cimal d ee The proportion is, | 


As unity on ꝝ is to the multiplicator on A, fol is the 
multiplicand on B to the product on A. | 


As unity on A is to the 888 on B, ſo i is: the 
multiplicand on A tothe product on B. 
EXAMPLE I. 
Let the product of 8 by 6 be ſought... 
; OPERATION. 


Set 1 on B to 6 on A, and againſt 8 on 8 is 48 upon | 
A, the Bu required. o | 
ry, 


As 1 on A is to 6 on B, ſos Jon A to 48:o0n B; the- 
fame as before. 


Thus you ſee the firſt term or unity may be taken 
upon either of the lines A or B, provided the third term 
be taken upon the ſame line as the firſt, and the e, 
term on the ſame line as the ſecond. ; 


EXAMPLE IXI 4 
What is the product of 65 by 18?: 
OPERATION. 


Set 1 onBto18 on A, and n on B:is 1 
on oh; the product required... wi _ 
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34 1-4) EAM PUT Mb: | 
| What i is the product of 76 by 13? ? 


OPERATION, 


| Set x on Bto.130n A, and 76 on B is 988 on A, the 
product required. 8 
And in chis manner may the product of any other 
two numbers be found: but in order to know how ma- 
ny figures the product will conſiſt of, obſerve the fol - 
Jowin directions: 

1. If the firſt figures of the arodult « are leſs than the 
leaſt of the two factors, the product: will have as ny 
4 places as both factors. | 
2̃. If the firſt figures of the product are equal or ex- 
* ceed the leaſt of the factors, then the product will have 

one place leſs than the two factors. 
I heſe rules are manifeſt by the foregoing examples 3 
ſor in the firſt example the leaſt of the factors is 6, and 
| the firſt figure of the product is 4, which is leſs than 6: 
therefore the product is 48, that is, it conſiſts of two 
places of figures equal to the number of places of both 
factors. And in the ſecond example likewiſe the leaſt 
of the factors is 18, and the two firſt figures of the pro- 
duct are 11, which being leſs than 18, thereſore the 
product conſiſts of four places of figures, and is =1170, 
equal to the number of places of both factors. But in 
the third example the leaſt of the factors is 13, and the 
two firſt figures of the product are 98, which is greater 
than 13: therefore the product conſiſts of but three 
places of figures, and is = 988, that is, one place leſs 
thin both factors. | 

The next thing to be ! is, to know the va- 

lue of the products, whether they be whole numbers, 
mixt numbers, or decimal fractions; as for inſtance, 
in the laf,example,. where the product was found to be 
988, and not 98,8, or, 988, as is plain by the follow- 
ing table ſor ſet 2 on B to 13 on fl. . | 


— —— — 
'T eh << 
1 — CIS. 

Ds „ 
SS : i 


Ot the Sliding Rule. 
. n ' | [26 ta 


261 39 ; 
3 Net's 
Then againſt 15 7upon B is 65 Fupon A. 


and the other a decimal fraction, then ſet unity on the 
middle of B to the whole or mixt number on A, and 
ſeek the fraction toward the left hand on B, becauſe it 
is leſs than unity, and againſt it is the product on A, 
which is always leſs than the given whole or mixt num- 
ber. For example. EEE IT 

What is the product of 45.3 by ,7? 

| #4 OPERATION. | : 

Set 1 on the middle of ; to 45.3 on A, and againft 7 
on B is 31.71 on A, the product required. I might here 
add more examples: but I think the foregoing examples 
and directions are ſufficient for any variety that can oc- 
cur : therefore I ſhall proceed to the next article of 
diviſion by lines. | PE TO OR. 


a - | Sc: L, L P.. 5 {Ho 6 
. Of Diviſion by the lines A and E. 


FJ HEN one number is given to be divided by ano- 


y. 5 % 


7 


1 7 TS s | 
£0 ther, whether whole numbers, mixt numbers, or 
decimal fractions, the proportien , 5 


„ C 6 ; 7955 
| | WF * 


4a 


— A 
is 
9 
4 * 
4 17 
* = 
4 
** 
8. 
1 
2 
- 
4 
by 
4 
7.8 » 
* 
"of 
* 
* 
_—— 
. x 
x 


23 or. the Sliding 1 Rule. 
As the diviſor upon A is to unity on B, ſo is the di- 


vidend on A to, the quotient on B. 


BS 
As the diviſor on B18 to unity on ayſoi is * divi- 


dend on B to the quotient on A. 


EXAMPLE.L - 
What! is the quotient of 48 divided by 6 ? i 

ii 
Set 6 upon. A to unity on B, then againſt 48 on A is 


8 upon By the quotient required. 


7. | 
Set 6 upon x to unity on A, then againſt 48 on B is 
8 on. A, the ſame as before. 
EXAMPLE II. 
What i is the Quotient of 1170 by 18? 
4 OPERATION. | 
Set 18 upon A to unity on B, then againſt 1170 on & 
38 65 upon B, the quotient required. 
[3 IE EXAMPLE III. 
What i is the quotient of 988 divided by 13 ? 
VVV : 
Set 13 on A to unity on B, then 2gainſt 988 on 4 


will be 76 on B, the quotient required. 


Any other quotient may be found in like manner: 
but in order to diſcover how many figures the quotient. 
will conſiſt of, obſerve the following rule: 

The quotient muſt conſiſt of as many figures as there. 
is difference of figures between the dividend and the di- 


viſor, except when the firſt figures of the dividend are 


equal to, or more than the diviſor 5 and then it muſt 
have one place more. 

This witl appear from the foregoing examples; for 
in the firſt and ſecond examples the diviſors were greater 


than the firſt figures of the dividends, viz. 8 is greater 


than 6, and 18 is more than 11, the two firſt figures of 
th: dividend i in the yoo! * 


| Then 


- 


Of the Sliding Rule: 898 

Therefore the quotients in both examples are equal 
to the difference of the number of figures in the diviſor 
and the dividend : but in the third example the two 
firſt figures of the dividend = 98, are greater than the 
diviſor 13: therefore the quotient conſiſts of two 
figures, that is, of one place more than the difference; 
between the diviſor and the dividend. And thus it may 
be determined, in all caſes, of how many places of fi- 
gures the quotient ſhall conſiſt. 

And the value of the quotient will appear in this. 
manner: for inftance, when. 13 on A is fet to unity 
on , as in the laſt example, „ 


EIS 1. £ Who 
1 
52 4 

- hs 


Then againſt 65 F upon A is4 upon 8. 
edn 64 Was 6 SY 
91 | 5 7 | | 
98.8 7.6 


And if thoſe numbers upon A are ſuppoſed to be multi- 
plied by 10, thoſe alſo on B will be multiplied by the 
ſame; for if we count 26g 260, then will 2=20; if 


30 be called 390, then will 3 30; if 52 be reckoned Wi 


520, then will 4= 40, c. till you come to 98.8, which 
multiplied by z0=988, and then 7.6 will become 76 
the true quotient before found. Fro hence it is ma- 
niſeſt, that at once ſetting the rule both multiplication 
and diviſion are performed; for the laſt example is the 
converſe of the third example in multiplication, and 
when the rule is fo ſet, the lines A and B are in effect 
tables of products and quotients ; for if 13 be taken as- 
a multiplicator, ſet unity on Bto x3 on A, then againſt 
any multiplicand on B.you have the product upon A, as. 
againſt 2 is 26, againſt 3 is 29, againſt 4 is 52, Cc. 
Again, if you ſuppoſe 13 a divifor, as the rule now 
ſtands againſt any dividend on A, is the quotient on 5, 
as againſt 26 on A is 2 on B, againſt. 39 on A is 3 on By 
againſt 5a on A is 4 on B, c. By which it is, evident, 
3 \ > that 


| 38 ' ori Sliding Rule. 


that ultiplication: and diviſion are but the converſe of 
one another ; fo that if the one is underſtood, the other 


Cannot be unknown. 


"The foregoing rules and examples, Timagine, will 
be ſufficient to give the young gager an inſight into 


| this matter: therefore I ſhall add no more on this head, 
but proceed to the next. 


wy 8 2 
* — 


eee 
of the Single Rule of Three direct by the lines A 55 55 Be | 
| 1 N the ſingle rule of three direct there are always 


three numbers given. to find a fourth i in direct pro- 
portion. 


The proportion is, 


As the firſt term upon A is to the ſecond term on B, 
ſo i is the third term upon 5 to the fourth term on 8. 
r, 
Set the firſt term upon B to the ſecond on A, and . 
dal the third term on B is the fourth term upon A. 
Note, the firſt and third terms muſt always be taken 
on the ſame line, viz. on either A or B, and the ſecond 
and fourth terms muſt be found on the other. 5 


EXAMPLE I | | 
17 8 yards of cloth coſt 48s. what will 18 yards col , 


at that rate ? 
1 E RAT 10 N. 
on A. on B. on A. on 8. 
M6: $i 148 12:28 108 = Anſwer.  _. 
Yards. bi, Yards, $ Sdills. FVVUoIdsn 
. q 4 i * 


” $ + 


on B. on A. on B. ON . WT 
As8 : 48::18. 108 = the Wa 6 my 
By which it appears that it matters not on which 
line you take the firſt term, provided you take the 


third term on the ſame line, ane the ſecond mer 1 
| term on the other line. 4 x. 


Of the Sliding Rule. | 76 
= X AMPLE II. 


Tf 3 gallons of ale coſt 28. what will 36 goons coſt 
at that rate? 


4 OPERATION. 
on B. on A 45 936 | on A. 
As if 20 24 = Anſwer, 
Galls. Shills, Sts. Shills, 
EXAMPLE III. 
What! is the weight of 30 rods of candles of 12 to 
the pound, when there are 24 candles on each rod ? 


OPERATION. 


on. on A. on 5. on A. | 
. 24 : 60 =Anſwer. 
Numb. of Rods. Numb. of Weight. 

. Candles. Candles. | 


More examples might be adduced : but theſe being 


well underſtood will be ſufficient to work = * . 2 


tion whatſoever. | 


"” 


. 


07 . Proportion, or the Single Rule of Three ae 
by the lines A ana 8. 


5 JNverſe proportion is when there are three numbers 
given to find a fourth number that ſhall bear the 
ſame proportion to the ſecond term as the firſt term 


does to the third, which is known by the nature of the 
queſtion, as when more requires lg or leſs requires 


more. 
E X A MPLE 4 
If 8 men can do a piece of work in 20 days, how 
long will 4 men take to perform the ſame ? 


PROPORTION. 


. 2 2 4 Terms. 
„ OBS by 4” 0 


Operation | 


Of the Sliding Rule. 
Operation by the Sliding Rule. 


on B. on A. on B. on A. 


V“ 3 
Men. Men. Days. Days. 


By the nature of this queſtion it is evident, chat it is 
mverſe proportion; for leſs men muſt require more time 


1 ' wo perform the ſame piece of work. 


\ 


EXAMPLE II. 


If 4 men can do a piece of work in 40 * . 
many men will do the ſame work in 20 days ?. 


PROPORTION. 


„ 2 3 4 Terms, 
As 40 : 4 :: 20 : 8 = Anſwer. 
By the Rule. | 


on B. ON A, on B. ON A. | - 
As 20. : 40 :: 4 ; 8 = the ſameas above. 
Here it is alſo evident, that leſs time requires more 


men to perform the ſame work in. And in this man- 


ner are ſuch kind of queſtions diſcovered to we in the 
inverſe rule of proportion. 


— 


ART. VII. 


To reduce a vulgar fraction to its equivalent decimal. 
expreſſion, © 

| The proportion is 

| AS the denominator upon A is to unity on B, ſo is the: 
numerator on A to the decimal required on Be. 

EXAMPLE_I. 
Reduce Z to a decimal fraction. 
OPERATION. 


T Decimal fought. X 
Denom. Unity. Num. Decimal. 
x = | 


Of the Sliding Rule. 


"EXAMPL E 1 
Rediice 2. to a decimal fraction. 


OPER AT IO N. 
on wn on A, on A, ON B. a 
As 0 N ſought. 


Denom. Unity. Num. Decimal. 
"EXAMPLE. HE 


Reduce 44 to a decimal fraction. 
OPERATION. 
on A. on B. on A. on B. 


„„ x 33.48 as fere = Dec. Ge. © | 
Denom. Unity, Num. Decimal. 


And in like manner may any other vulgar fraction 


d g be reduced to its equivalent decimal expreſ- 
ion. 5 


ART. VIII 


To find a fattor to a diviſor that fhall perform the fame by 
2 as 2 ers would 27 Wü 


The Proportion is 


A* the diviſor given is to W ſo is unity to the | 
factor required. | "Lol 
E X A M PL E 1 5 
Suppoſe 25 to be the diviſor, what will be the factor 
to that number W 
OPERA T I O N. 


on A. ON B. on „ „„ 
A I : 04 = Factor ſought. 
2 Uoity. Unity. Factor. 
PR O OF. 


Let 525 be divided by 25, the divifor, multiplied by: Y 
04, the factor above found. 0 


4%, Of the Sliding Rule. 


d By Diviſion. By Multiplication. 
WM 25)525(21= * 1 
= 50 | | 504 | 

2 5 | "EO | eee 21 oo Produ. I 


B d this you i ſee, that the ſame thing may be effected 
by Multiplication as by Diviſion; * the Quotient and 
the product are both equal. 

rA. 
What will the factor to 80 be? | 


OPERATION, _ 


on A, on B. on 72 on B. 
% oe FR, ſought. | 
Div. Unity. ait. Factor. 


This being ſo eaſy, it would be needleſs to add any | 
more examples. 


9 
— 1 


—_ * W he 


A R T. 1x. 
Havin g a factor given to find a . 


T H IS is the converſe to the laſt article: therefore 
the proportion is 


As the factor is to Wy, ſo is unity to the diviſor re- 


eh 
„EX A. MP L. E. I. 
Let ,04 be the factor given to find a diviſor. 
OPERATION. 
| on A. on 1 on 4. on 
1 As 4,04 : „ $5.0 7 1808 Diviſor fought 
1 * Unity. Unity. Biviſor. 


EXAMPLE II. 


| Let ,0125 bethe given faftor, what will be the ei 
mor? 


O PE-. 


, — W ak r ** 
4 Foe” 9 n FT 3 a THF IN R 
n , * 3 i Y = * * 
8 * o — 2 
\ a6. 


+ '? 


OPERATION, 

e, As 08k een 

As ,0125,: 1: ; 1: © 80 = Diviſor fought. 

+ Factor. Unity. Unity. Diviſor. TANK 

And in like manner niay any other diviſor be found 
to any given faQtor. 5 8 5 


— 


22 — 


> A R 4 oh X. | | : 
To extracẽ the ſquare root by the lines e and D, 


T HIS is performed by inſpection when the lines e 


and D are applied even at both ends, as I obſerved 
in page 24; for when unity at the beginning of c is ſet 
even to unity at the beginning of D, you have a table 


of ſquares and their roots; for againſt any ſquare num-- 


ber upon c you have the root upon p, and on the con- 
trary, againſt any root on p you have the ſquare on c: 
but here it will be neceſſary to obſerve” the following 
directions: ; $47 
I. If the given ſquare number conſiſts of an odd 
number of places of integers, ſeek it on the firſt radius 


of the line c, and againſt it you have the root on D. . * 
2. If the given ſquare number conſiſts of an even 


number of places of integers, then ſeek it in the ſecond 


radius of the line c, and againſt it on the line p is the 


root required, 45 
: Examples in the 1ſt caſe, 


| 0 50 in the iſt ra- ¶ 3 the root 
na 5 6. 15 upon ts fon the 


i e Po ene 
90000 the line c is C200 line D. 
Examples in the ad caſe. 


36 


2150.42 


the line c 
> 250000 1 


456.37 
500 | | 
ART. 


— 


Ot the Sliding Rule. 4 


„ %ͤĩ 
A..:a) 19.46 [radius of] 4.4 {the root on 
| Api] | [6h line D. 


; . 
» $ it E 


* FEY R . te oe ar p * a 
Fx. #6 K 1 y * $7 a Tr. nn ea ns Land 4 A l 4 
* 82 24 A” * A * * 7 TO OS IT IA 5 . 5 * * 
F a . 8 . a 3 Aenne enn S" Or OT OD? 
Ber a. at, 3 IE GC As. 8 7 5 * 
* *> = 9 « 9 „ 
— a a 'y ? 


— 


44 Of the Sliding Rule. 
ART. XI. 
To extract the cube root by the lines D and E. 


by IS is alſo done by inſpection when the lines a 

and E are ſet even at both ends, viz. unity at the 
beginning of D to unity at the beginning of k. In 
this poſition thoſe lines are in effect a table of cubes 
and their roots; for againſt any. cube on E is the root 
upon D, and on the contrary, againſt any-root on D, is 
the cube upon E. The only difficulty in this work is to 
know on which of the three radius's of the line E you 
are to find your cube number; and in which there are 
three caſes. : | ! 


. 5 
If the given number confiſts of 1, 4, or 7 places of 
- integers, find it on the firſt radius of the line E, and 
againſt it is the root on 5. 9 c 
If the gen number conſiſts of 2, 5 or 8 places of 
integers, find it on the ſecond radius of the line E, and 
againſt it on the line p is the root required. 
„ COT 
When the given number conſiſts of 3, 6, or q places of 
integers, then find it on the third radius of the line E, 
and againſt it on p is the root required, Be] 


Examples in the 1ſt caſe. | 

Cubes, * a ' Roots. 

_ 4+ 4.4 $37$)on the i ra- £ 1.0). | 
Ang þ 1 of 504 for D. 

„ C 1728. line E 1s 12. 4 
Examples in the 2d caſe. 

Cubes. 4 Roots. 


3 on the 2d . 3-3 
Apint) 55.957 {Su of ce 53þon D. 
| 10648. J line E is (22. 


* 


Ex- 


os the Sliding Rule. 46 


Examples in the 3d caſe. 


98 | F Roots, | 
66.375 Jon the 3d ra- ( 55 18 
berg 729 {as of 4 5 9. on b. 
| : 274925 Jline E is 65. 2 


Thus I have given rules and examples in all the dif- 
ferent caſes for finding of the cube root; which, if 
underſtood, will be ſuficient to find the root of any 
number whatſoever. : 

I ſuppoſe I need not acquaint my reader that the þ 
number of integers in the root are diſcovered by prick- 
ing off every third figure (beginning at the unit's place) 
towards the left hand: and as many points as there are 
in the cube, ſo many places of integers there will be in 
the root; becauſe I preſume that he has learned to ex- 
tract the cube root by the pen before he attempts to do 
it by the rule. | 


A R T. XII. 
Of the uſe 0 = the line E on the ſliding rule, in working. 
q 5 


ueſtions in Ee og, ardcoe 


H E RE I will make uſe of the ſame examples as 
thoſe which were wrought by the pen in pages 
20 and 21, ſhewing the uſe of the cube root; by which 


will appear the excellency of thoſe lines for working 55 


ſuch kind * . 3 
QU ESTION I. 


If an iron bullet of four inches diameter weigh” 9 
pounds, what will an iron bullet of 8 inches diame- 
ter weigh? - 


OPERA T I O N. 
on D. on E. DD on . 
Ad 4. „ $5; 6X Anſwer. 
7 Diam. Wi. Diam. Wt. 


QU ES. 


45 Of the Sliding Rule. 
enn. 
If a fathom of rope of 10 inches circumference 


weigh 17 pound, how much will a fathom weigh or 
8 inches circumference? 0 


0 Fm ERA T IO N. 
on D. on "bg on * on 3 
% 8. W = Anſwer. 
5 Diam. Wt. Die: 


QUESTION HI. 


Given the dimenſions of a conical tun, and the con- 
tent of the ſame, viz. the top diameter = 30 inches, 
bottom diameter = 40 inches, depth = 20. inches, 
and the content 68, 5 ale gallons. To find the dimen- 
ſions of another tun of like form, that would contain 
90 gallons. 


OPERATION. 
I. For the top diameter. 


| on E. on p. on E. on . wack TR 
As 68, . 0 : 22,8 = To jameter ou t. 
| "ON Dit, Cox. 1 5g * a 


2. For the bottom diameter. 


on E. on p. on E. on p. 7 

As 68 $2.:40: 90 - 448F= Bottom diameter ſoug t. 

Conk. Diam. Cont. „ Diam. . | 
3. Par the depth. . 

on E. on Dp. on k. on 5. 

A 68556 20: : 90 : 121,09 = Depth required. 
Cong. Depth. Cont. Depth. 
And thus are the anſwers found to be the ſame as 


thoſe found by the pen; but with a vaſt deal more 
eaſe and expedition. 


— 


/ 


* 
_ 


CHAP. 


Deion of a Four nds e of its properties, with 
The m they bear io each * er. N 


1A « Circle 3 is "the moſt capacious of all 8 that 
is, it comprehends the moſt ſpace in the ſhorteſt 
boundary line of any figure whatſoever. FL 

2. The Areas of all circles are in proportion to one 
another as the ſquares of their diameters. | 
If one circle be double ia diameter to that of ano- 

ther circle, the ſame circle will contain four. times the 

area or ſpace of the other. | | + 
4. The diameter of a circle is to its hene 
as His to 3.141592, Fc. that is, ſuppoſing the diame- 
ter of a circle to be 1, the circumference of that circle- 
will be 3.141592, Cc. This proportion of the diame- 
ter to the circumference of a circle was firſt found by 


one Yan Ceulen, a Dutchman, who, with a great deal of | 


labour and trouble, found it true to 30 places of deci- 
mals. Others, ſince him, have found it true to 100 
places of decimals; but the firſt 6 decimals being ſuffi- | 
cient for moſt purpoſes, therefore I have omitted the 
reſt, - And here it muſt be obferved, that upon this 
ſuppoſition are grounded all the proportions relating to 
à Circle in the following work, viz. If the diameter 
of a circle be 1, the circumference of- that circle will 
be 3.141592. 25 
HFlaving premiſed theſs things, I ſhall, in the next 
place, ſhew the method of finding the relation that the 
* of the greateſt inſcribed ſquare, the area, and the 


hide 


— NG 


| 48 . of FE Circle. 


* 


bl 


fide of the ſquare equal, bears to the diameter of a 
Let the Aiaeter of the elite A, 5 85 D, keen 
ig Ac, and the circumference =3.141592, to find 
the fide of the ſquare inſcribed = ABN C C DDA, 
the area or ſpace comprehended in the circle, and the 
ſide E FZF G=GHZHE of the ſquare equal. 


* 
A 4 


Far 8 Ig UWEPLIAS = » JOJIOO 8 | 


. ay _ ah. <4. 


5 ; | — 8 * | 4 IM 7%. : 
If 4 Am or ypace | | \ 
1 


e ; "Yo AS. > 32 12 2 n 1 
* 5 * mM . 
1% Þ 5 A | r 
* 0 , e f 
» * 0 


1. To find the fide of the greateſt inferibed. fquar PF 
— ＋ C. 


RULE. 


It is Fan in 1 Zuclid 47, that in every right il e 
_ angled triangle the ſquare of the hypothenuſe is equal 

to the ſum of the ſquare of the other two fides of the 
triangle. Now in the triangle A BC, An and B c are 
the two ſides of the triangle, as well as the two ſides P! 


of the inſcribed ſquare, and the diameter A cgi is the 8 
hypothenuſe: therefore half 18,5, whoſe . root i 
is = — 3 "7 or A B B required, WE „ 1 


orpE. 


or a Circle! ih 
OPERATION! 


5070 106 =Side of the inlcribed . 
49 | 


; 214051 9 2 | CIS | 4 


9849 - 
14141] 15100 
8 „ 
. > —— | 
— © 1414206 . : 9590000 „ 
: ef Ty 8485236 : | 


2. To find the Fea of a circle | whoſe diameter is 


unity, or the are} of any other circle, 


RULE. 


Multiply half the circumference by. half the ts 
ter, and he product will be the area required. 


OPERATION. 


Half of 141592 = I 570796 
Half of 72 | 5 


Area of a ll 5 wy whoſe Diameter = =1 


To find the fide of a ſquare equal in area to 8 
of à circle whoſe diameter is GY ou to EFZF Gy 


Sc. 
RULE. 


If che ide of a ſquare be multiplied by itſelf the 
product will be the area of that ſquare; and having al- 
ready found that, when the diameter of a circle is 1, 
the area is , 785398: therefore extract the ſquare. 
root of that area, — it will be the ſide of the ſquare 
equal requires. = =Þ 05 See. 


* 73 ag — " WS 1s 4 * 


. 4 3 — & p = N 7 « 344 + * — 45 WS © * 2 £ X q * 0 
* * © 
4 $ $&.6 3 t x ” 
"EYES , 3 
„ - * ” * 
1 
* 


. * 8 ; Jas + 62 * 7 = $3 
2 . F » « 1 - 
4 + 
N p j * 
6 ; Y i 4 * 1 8 1 
Ok a Circl 


8 OPERATION; 3 
. 5 398).886226 =dide of a ow equal. 


— 


14601453 | i eons ye eee 

_ - ere ; 

1766) 10998 8 134 | 

12 10590 r 


17% 2) 40jö0 / W 441 17 47 


177242) 475600 
„ < 6.1 NESS. > 


17740 1275 8 
— 6847755 a 5 


Remains 1476924 


One of the ſides of a ſquare equal in area to that of 
a circle whoſe diameter is 1, being, 886226, which x * 
by 4 23.544904, the ſum of the four ſides. Now the 
| circumference of the ſame circle is but 3. 141502, which 
is leſs by ,403312 than the ſides of a ſquare equa] ; 
which proves that the circle is the moſt capacious fi. 
gute. 

Having found that if the diameter of a circle be 1, 


- The circumference will be — — — 3.741 592 
The fide of the greateſt inſcribed ſquare 27707106 
The fide of a (quare an”: ND 1m} „886226 

| The area J _ — — — 785398 


I ſhall now ones: to ſhew the uſes of theſe factors 


in finding the like parts of a cirele of ANF IRENE 
ter both by pen and rule. 6320-06421 


Suppoſe the diameter. of a ciuche Was 30 W 
what wt the circumference, the ſide of the ſquare 
#1 inſcribed, 


— 


* 


of a Cirele. 5 ot 1 
inferibed, ſide of a ſquare equal, and: area of chat cir- 


ele be? + 


1. For the circumference by the pen. 


| RULE. * 
Multiply the circumference of the circle Thoſe 4 | 


meter is unity by the given diameter, and the product 
c will be the circumference of the circle 3 


OPERATION. N 
Circumferencs of 8 circle when diameter ; 174192 
Givep diameter!!! 30 
Circumference required. = — 94.247 160 


: By the rule. 
Set unity on A to 3, 14 on B, and againſt 30 on A is 


94.24 on B, the ſame as before, 


The rule being thus ſet it is a table; for again any 
diameter on A is the circumference on B; e contra, 


againſt any circumference on B is 3 * upon A: 
as for example, 


200 62. 35) 
2 
Againſt theſe die- + \ Are theſe circum- I's b * 
meters upon A | 33 ferences upon 8 |] 103.67 
GEES WEAR | 113.09 | 
1 D f wh 66) 
2. To find the fide of the oO . 


Rule by pen. wu 
Multiply, the ſide of the bel ſquare. 8 er * 


meter is unity, by the given diameter, and the product 5 


will be the ſide of the inſcribed ſquare required. 


OPERATION. 


Side of the ſquare whoſe diameter is 1 = 
Given Fameterr, 


NO 


e 30 
ide of che inſcribed ſquare required = = — 21,21 1378 
: | 22 3 By 


* 
4 


32 Of aCircle. 


By W Ihe 


Set unity on 4 to 707 on B, and againſt _ on 4 
is 21.21 on B, the ſame as before. 

The rule, being thus ſet, is likewiſe a table; for 
againſt any diameter on A is the ſide of the ſquare. i in- 
ſeribeg upon B; e contra, againſt any ſide of an infcrib- 
ed ſquare upon B is the diameter on A: as for example. | 


"20 i 14141 
24 16.97 
| Againſt theſe Sia. 27 Are theſe ſides 7 19.09 
meters upon A "I 33 [pon B 412323 
36 ES: 14826 
5 140 148.28 
: 3. To find the fide of a ſquare equal. 
Ruie:by pen. 


Multiply the ſide of a ſquare equal, whoſe 3 
is unity, by the given diameter, and the . will be 
| the ſide of the ſquare equal required. - 


OPERATION. 


Side of a ſquare equal whoſe diameter is 1= ,886226 
Given diameter = 30 


Side of the ſquare equal required — = 26. 586780 
By the rule. ; 


Set unity on A to, 886 on B, and againſt 30 on A is 
26. 58 on B, the ſame as before. 

The rule being thus ſet, it is alſo a table; for againf 
any diameter on A is the ſide of the ſquare equal on B; 
e contra, againſt any ſide of a ſquare equal on B is the 
diameter on A: as for example, 


ſ 20 0 17. 720 | 
24 21.26 
L 4 gainſ theſe da- 27 UAre theſe ſides of 5 23.92 \. 
meters on A 33 alquae= =vnB | 29 24 
| 5. 31.90 
140 1: 136! 44). 


4. Io 


— * 


4 


4. To find the area. 
; Rule by the pen. 


Multi ply the area of a circle whoſe diameter is unity 


be the ſquare of the given ys and hu {POOR 
will be the area required. 


OPERATION. 


Given diameter 30 


Square of diameter 90 


F 


Factor for the area = 578 5398 


ne of diameter = 900 
; Lo Area required — = 706,8 58200 
By the rule. 


Set unity on D to, 7854 on c, and againſt 30 on D 
is 706, 8 on c, the ſame as before. 
he rule being thus ſet, it is a table; for againſt 
any diameter on p is the area on c; and e contra, againſt 
any ares on C is the diameter on D: as for example, 


335 3-14 
Againſt theſe dia- 4 Are thoſe 12.50 
meters on D © } aan $9-90 
be Of 64: ©... £20kq06 
| (327 804. 26 
In the above examples the diameters are doubled 
every time, and the areas anſwering each double dia- 
meter are fourfold the other; which is a proof that 
any circle double in diameter to another will compre- 
hang four times the area or ſpace of that other. 
Having found a factor for the ſquare of the diameter 
of any circle, viz. ,785398, there may be a diviſor 
found by Chap. IV. Art. 9g. that will anſwer the ſame 
end, 525 which, in many caſes, will be moe com- 
1 modious; for if . divided by „785398 tie above 
| Py 1 


3 cor, 


Jr EP 


Ha 1 80 - "Of 4 Celle. : 33 


=. 


LEY 


. een r E. ? 4 8 1 2 cd fd een n 8 * q 
2 N N 2 . WE n * ; $798." 0 VIE 12 4 Pn 
F N * 44 - * * : 4 TOI PIE Ir ” 4 
4 x 7 4 + 4 2 
* 7 4 
* o 


54 | - Of finding Diviſors, &c.. . 


factor, the quotient will be 1. 27 324 the reſpective divi- 
ſor, and it will be the ſame thing whether the ſquare 
of the diameter is multiplied by „785398, or divided 
by 1.27324 3 for both the product and quotient will be 
equal to the area in ſquare inches, or in the fame mea- 
ſure that the diameter was taken in. But on account 
of the different capacities of gallons, buſhels, and 
feet, it will be neceſſary to find factors and diviſors for 
each of theſe different denominations, becauſe the di- 
menſions are all taken in inches. 


F 
CHAP. VI. 1 
Of finding diviſers and gage- points, 


| AT. 
To find diviſors and gage-points far circles, 


ACO RD ING to Ac of Parliament there is eon · 
tained in a Wincheſter gallon of ale 282 ſolid in · 
ches, in a gallon of wine 231 ſolid inches, and in a 
buſhel of malt 2150.42 ſolid inches ; conſequently in a 
gallon of malt are contained 268.8 ſolid inches, which 
is the F part of 2150.42; and it being found, that if 
the diameter of a circle be x inch, the area thereof will 
de 785398, which may be called ,78 54 decimal parts 
of an inch: therefore if the capacities of each gallon 
and buſhel, &c. be divided by 7854, the ſeveral quo- 
_ tients will be proper diviſors for the ſquare of any dia- 
meter to reduce the area into ale, wine, and bn gal- 
lons or buſhels, &c. and the ſquare roots of thoſe divi- 
ſors will be the gage- points for circles, WS) 


3 4% * 
Tz 
" . * * F 
, * i * 6 5 4 * * 
8 — * 2 * 
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Okt finding Factors, &, 35 
3 See the work. + * 0,402 le og 
Div'. Diva. Quote. S. Re, 
57854) 282.0000 { 359-05 18.95 JAle gallons. 
»7854) 231.0000 ( 294. 12 17.15 | Wine gallons, 
»7854) 268.8000 F 342.241 18-5 Malt gallons. 


»7854.)2150.4200 (737.92 52.32 | Malt buſhels. 
»7854) 227.0000 (289. 17 Maſh tun gall. 


© The quotients are the diviſors, and the ſquare roots 
the gage-points. In like manner may any other divi- 


4 


for or gage-point be found, when the ſolid capacity of .- 
er, | 


the integer is given, whether it be a gallon, a bu 

a pound weight, or a foot, &c. And in this manner 

were all the diviſors and gage-points in the following 
table found. wha e e , e nay ot 417 


—U— —ä  —  — — 
| AR . II. > 
To find factors for circles. 
GINC E the fame may be | IR 0 


tion as by Diviſion, and there may be factors found 
which will anſwer the ſame end as the diviſors before 
found; therefore, to find the ſame divide ,7854 by the 
ſolid capacities of each gallon and buſhel, Qc. and the 
quotients will be proper multipliers for the ſquare of 
the diameter of any circle to reduce the area of that 
circle into ale, wine, malt gallons or buſhels, &c, 
See the work. * 8 


Divi. Div“. Quot'®® :- ans 


282. 07854003785 Common fac. Ale gallons, = 
Malt buſhels 


268.8. ),7854(,002922 


— 


© . 
FE. 
— 


of finding! Factors, &e; 3 


_ -—W In like manner were the tes lies: fort oe 8 
found, which are inſerted in the following table. 


— 


* 


| | A R T. m. 
„ e Factors for 1 


HIS f is done by dividing of unity 2 the ſolid ca- 
pacity of each gallon, buſhel, foot, . &c, 
Bethe following examples. | 


FS St ob Ale gallons. 

Common I Wine gall, 

factors for 4 Malt gall. 
ſquares Malt buſh. 


And in like' manners were all- the other factors for 


ſquares found, 9 arc ne In, the OTE 
table. 


282. Fr is 

* * 1,000000(,004 329 

8.8 )x,000000(,003720 

21 5 1,000000(,000465 
227. )1,000000(,0044 


AR Te: W 
To find e 1. ſquares, 


T 1. OSE ga ge- points are no other than the ION 
© ® roots of the Tolid capacities of each gallon, buſhel, 
c. therefore extract the ſquare root from the number 
of inches to a gallon or buſhe], Se. and it 1s done. 
As for exam ple, 


1 


os T Ale ied, 52 


Wine gallons. 


2 16.39 >< 3.3 Malt Dons 
L 4146.37 2 8 Malt buſhels. 
-Maſh tun gallons. 


A 22255 
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both for 
, the area of 


iſors 


he above table 
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iv 
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int 


ſquare or cireular figure may b 


the 
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ws 
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| | ;5 Of finding wk Areas of Supetficies. act 


the denominations therein mentioned by the. ſollow- 


ing general rules: 


I. For a ſquare, or an o Mong "IF 
Multiply the two ſides of any ſquare or oblong fi- 


"A iy gure together, ant their product multiply or divide by 


its proper factor or diviſor for ſquares in the above 
table; then the laſt product or quotient will be the 
| area of the ſame denomination as the factor, &c, made 
uſe of. Pm | 

| . Fer 3 figures. 

Multiply or divide the ſquare ol the diameter of any 
circle, or the rectangle of the tranſverſe and conjugate 
diameters of the ellipſis, by its proper factor or diviſor 
in the above table, and the product or - quotient will 
be the area of the ſame denomination as the factor, &c. 
made uſe of. | 


A $$4$600560446: 3660060406 
"CHAP. vn. 
Of finding the areas of ſuperſuies. 
ART. I. 
To ma the area of a geometric ſquare, li be the figure 


anuexed 
Rule by pen. 2 
Mor L-TIPLY one of the ſides of the ſquare by 
itſelf, and that product multiply or divide by the 
factor, &c. for ſquares in page 57, and the product or 


. quotient will be equal» to the area of the ſame kind as 


the factor or qiviſor made uſe of. 
35 ENAMPLE. 


Let the fide of the ſquare A B C D a 40 inches, 
what is the_area in ale gallons ? ? 


SQUARE 


* 


* — 4 Ca re N 9 _ W 6 N A "2 £44 55 : . "Ie" 1 * * * * nn AF. ei © Sa * 9 
4 . Re; R 0 * r 2 2 Nn TO 4 N 87 „ 
* : Tot 20 . . KY £ > * WF", * 7 4 © 7 5 TP 6 wy 
* * wry 2 Wn 3 N aL a * 5 
BEE * 2 ; 8 8 . * 1 1 x . 


7 75 
_ * * Y 

* n 60 

PER. > . 

Oy, | 


"Of finding the Areas of Superficies 3g 


* , 
* 
po * 
4 1 . 4 1 5 . 
" f 


| OPERATION. 
By Diviſion. | By Multiplication. 
AB = 40 Square Factor = ,003546 
BC = 40 Square of A B =Z 1600 
282) 60005. 67 =Area. . 2125600 
e N 3546 fl 
1900 | Area = 5,67 3000 3 
1692 | es Þ 
* 2080 1 4 
Rem. ..o6 | K 


I have wrought this example both by the diviſor and 
factor for ſquare ale gallons, and the area comes out 
the ſame, wiz 5.67 ale gallons both ways. But in 
my future operation» 1 ſha'l only make uſe of the divi- | 
for, becauſe by that the area is found with the feweſt 4 
figures in moſt caſes. In like manner may the area of 
the ſquare be tound in ny of the other denominations 


K n p 
— Zꝛůi—U—U— — — — 


mentioned in the tabi: by making uſe of the reſpective 
factors, c. for it, inttead of 282, Thad divided by 
231, 2150-42, the area would have been found in wine 
ö N | gallons, 


: 


2 ot Bodies the Areas of — 


an or malt buſhels, and ſs of any of the reſt; 
." which is ſo lain, that I ſhall confine myſelf in all my 
operations ta one of the (denominations, which if un- 
derſtood, any of the others may be | 
ſame manner. | wp" 

| To find the ſame by the _ > 


; 
4 


„The proportion is, 


* 


on A. on B. on A. on B. 


K : gots 40 6) = before found. 
84. Diam. Side. Side. If. Area. 5 
| 


Ot mus. | 
Set unity on c to the quare gage: point on D, and 
againſt any {ide of a ſquare on Dis the area on e. 
| OPERATION. 
Van ap KY On e. a ON D. 1 my hefore, 
I DIED: 08:20. 2 , A 
99. . Unity. Side of Sq. 8 _ 


We. 


wa „ 


The rule being thus ſet, it is a table; for again 
any ſide of a ſquare upon D is the area ben n 


— 


— 


7 


2 


* 6 8 6 ART. II. 


. 1. nd the AHrea of the rene ABD. 


Rule by Pen. 


ULTIPLY the longeſt by the ſhorteſt ſides 
tors or diviſors in page 57, and the 3 or quoti- 


and that product multiply or  ivide by the fac- 


ent will be the area required, NE 
3 PARALLELOGRAM. . 


£4 Bn" 


* 


* — 


oY EXAMPLE. 3 
Let the longeſt ſide of. the parallelogram = — =50 ehe 
= AB, the ſhorteſt ſide = 30 inches = =" what is 
the area of i it in dle gallons 57 


44 OPERAT I 0 N. 5 hy 
Lotiget gde oo | ah 8s 
Shorteſt ſide B c= 30 7 4.5 1 
— P 
0 divifor= 282)1 500( 5. 32 fere the a area im ale gall, 
7 7 EIT. | | 
133 3 7 . 1 
3 5 0 Ce 1 
1 ; 2 TR — ü 3 IP. | '2 | 
. 540 FV _ 
Remains — 24 . 
0 


The area «in found is not te 15 32: but it is 
nearer to 5.32 than to 5.31, and. becauſe in the prac- 
_ tice of gaging we uſe but two decimal places of figures, 

therefore we take the nigheſt to the ſecond place, whe- 

ther it be more or leſs. 

| . _ The proportion by the rule. 2 
on A. on B. on A. on. „ 

As 282 : 50 :: 30: 5. 32 the ſame as before. 

Sq. Diviſor. Lon. Si. Sb. Si. Area. 


| 6 « . . „ 
To find the area of « a rhombus whoſe ſides are equal and * 


rallel, and two of its oppoſite angles are acute and the 
other two are obtuſe. See the figure following. 


R UL Ec 


Morrirrx the perpendicular or ſhorteſt dif. ey 
tance between the two oppoſite ſides by ane f 
the ſides, and that aan ä or divide by the 


be ; A | | | - fi actor 85 


. of fading the A of Super i les. 
 Fattors, &c. for U in page 575 and * e of 


3 will be the area required. 
EXAMPLE a . Jan 31 
"i the ſide of the rhombus ABCD =40 inches ABR 


=BC,. and the perpendicular B o = 2 37 e, what 
is its area in ale gallons? * 


* HOM Us. 


% 


wwus ONayt >. vere” 


527, 


2 
3 
0 


« - * 3 
UF Ha £ _ 
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4 F 
T1 ST o- %* wYS: 3 
16 * c * * 


OPERATION. 
8 — — . 0 2 37 
. 40 


— 


Squar div. for ale gall. = = 482) 1480(5.a5=Arm, 
e 


700 


. 


5 23: 
; | i 1419 | 


— A 


| Remains —— — ..50_ 


The proportion by the rule. 
on A. on B. on A. on B. 
As 282 : 40 „ before, 
$4. ann Side. be gens. Area. 5 
ART, 


ot babe the Areas of Superfcies * 


"A RY." Iv. 


To fad the. ew of a rhomboides, whoſe two. longeſt 1 
are equal and — and the two ſhorteſt ſides are alſo 
equal and parallel, two of its oppoſite angles are obtuſe, 
and the other two acute. See the following figure. " _ 


5, | Remains — 66 Ä— 
The proportion ae 


RHOMBOIDES. | 1 
| . — —' ä— — — 3 I | 
4 : | Go c 3 J 3 | 
muy. B) Ale Gallo. AF 
©; Ki 
ts 1 2 1 ö 1 
60 0.0 | 
EXAMPLE. 1 5 
Dr the laſt figure repreſent the rhomboides, whofe 
longeſt fides AB and D c=60 inches, perpendicular 
B O37 inches; To find the area in ale gallons, : 
+, Operation by pen. 
A Ce i Cw Dy * 
Longeſt fide — ARD bs 5 
Square ale diviſor—— = 282)2220( 7-87 Ale areas - 
| 1224. 
3 2450 
2256 3 
33 5.5. 3 
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On A. on B. --* Ns on B. 


! 718093 28 befores 
8a. div. Long ſide. Perp, Area. 


"I . 
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ART. 
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Ws To find the ares of 6 a e triangle, E 
_ ; Ju - I ; | | F 
= » ; FI YO 628 Dip 29 55 | F 


DEFINITION. 3 


= A Thiele conſiſts of three ſides and three angles: : 

of which there are two ſorts, the one a rectangle 
triangle, and the other an oblique angled triangle-;, but 
5 as one general rule will ſerve for both ſorts, 1 ſhall 
only give ad example of an oblique angled triangle, 
$ ; which muſt be divided into two POT: > triang es, 


in meg to find the area thereof. „ 
7 . 1 


From the greateſt angle let fall a perpendicular on 
the longeſt fide, and multiply half that perpendicular 
by the longeſt fide, or half the longeſt fide by the whole 
perpendicular, and that produt multiply or divide by 

the factors, Ic. in page 57, and the 3 or _— 
Sat Will be the area required. — 


f FX AMPLE. - 


5; OF the longeſt ſide or baſe of the triangle AB c 
60 inches SA c, and the perpendicular B o = 23 5 in: 
ches; to find its area in ale gallons. 


e e eee, 5. 
n * B 4 


x 
LHR 


wEwEnGowewy ws 


2345 


OPERATION. 


n — 30 2 23.5 1611 71-11 45726 
Half Baſe — AC 30 | wan 1 
Square ale in = *282)705 obe es in ale l. 2 1 
3564 = 
MU OD RLAT 4 
„ 1410 4 
85 FELINE . ] 
Ro The Proportion by the rule. (E254 
on A. on B. on A. on B. 5 
As aa 30 g : 25 =45 before, 
"0 div. —_ Perp. . A 
1 _ 
WS A R T. vl. „„ FR | 
To find the area of a trapezium. TER. 3 
DEFINITION. J 


Trapenium is compoſed of four ſides and four an- 
4 | Fo both the ſides and the 285 are unequal, - 4 
et 


— —— — —— — 


— figure vw 
CPF 4 

Divide the trapezium into two triangles by a right , 
line drawn from one angle to its oppoſite angle, which 
is called a diagonal, and dis ides the trapezium into two. 1 
triangles, then let fall a pereendicular from each of the 


other angles upon that diagonal, which is a common 
baſe to both triangles. | 
2. Multiply half the diagonal by the perpendiculars, 
or half the ſum of the perpendiculars by the whole diac- il 

gona], and that product multiply or divide by the fac- | 


tors, Cc. in page 57, and the 1 or W will 
be the area required, - 6 


$f 
" 


. * A 8 : 
4 , : 
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„ * « \ 0 5 
a . - ; a _ 
0 IJ . 4 
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65 or finding the Kress of 
; EXAMPLE. . 


* 2 Let the "= AB c D repreſent he trapezium, whoſe 
diagonal A c = 60 inches, the perpendicular » o = 1 


inches, and the perpendicular D 979 inches; to 5 UC 
* area in ale gallons. 


5 TRAPEZIUM. 
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Square ale diviſor = : 282) 12ba( 4- 47 =Areai in ale gall, 
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The proportion by the rule, 
- ON A. nh. ON As nn. 
. : 4.47 as before, 
6 Sq. div. Perpen. 4 Biag. Area. 

Note here, that the areas of the five laſt figures may 
be found by the lines c and p on the rule, the ſame as 
if they were ſquares, if there be firſt a mean geometri- 
cal proportional found between the perpendiculars and 
their baſes: but the method of finding this mean pro- 
E ſhall be the buſineſs of the next article. 


ch ** 4 
— I 


ART. vn. 
e mean geometrical proportional RR . 


e ; 


- 


N ULTIP LY the two given numbers ati 
and extract the ſquare root from their "RR | 
which wilh ** the mean * 


1 
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A \ 5 
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has genen es bs 72 and 505 to find « wean 4 | 
N between them. ; = 
OPERATION, 3 
72 4 

; "50 : 
* Mean required. —  _ 
15 | 3 | : 8 2 ; 


: 2» oo 


By the 1 8 
Set one of the given numbers upon c to the 9 
number upon D, then againſt the other given number 
upon C is the number hee 1 v. | 1 
* Thus, _ 


[x 68 of bn the abt of Sipettie,” 


© Thus, | STK 
on c. on "RY on 8 on "SLES 
A850 : 50 3: 72 : bo=the ſame as bete 


8 


Dien Given "Gina . 3 
numb. numb. numb. F344 


. Another example by the rule. TED 
; Find a mean between 42 and 30. 


-» | 44®'» OPERATION.: 
1 8 on o. onc. Gn 10 „ ; 
* #142 a2: 2 = Mean re wired 
| a n Given n — * i 


numb. numb. numb. 


This mean laſt found is a mean . between 
the ſum of the perpendiculars and half of the diagonal 
of the trapazium, by which the area of that figure may 
be found by the lines c and Dy 0 to the A og 


Pg proportion.:. - tt 9 3 
9 on D. mM on jp on c. * 1 rt 
As 16.79 : : 447=Area fou 7 
5 Sq. Gage · Vaity. "ew, Ares. the lines A 
1 point. ee 7 Yew 


And in like manner may che area of the paraltelo- 
Sram, rhombus, rhomboides, and n be found. 


— 


* * & 


ART. V III. 
To find the area of any regular poem. 


DEFINITION. 


ALL figures that have more than four ſides, and, 
thoſe ſides equal, and ſo ſituated that a circle will 

paſs through all its angles, are called regular polygons, 

and are named according to the number of ſides they 

_ conſiſt of, viz. if it * five ſides i it is called a pentagon, 

i Tzu i | 15 77 | if. 


ot of badi e Areas of nee 4 


if fix ſides a hexagon, if ſeven ſides a heptagon, Sc, as 
may be ſeen by the men table of polygons. „ 


NU e io ond Hh 


From the center of the polygon et fall a perpendi- 
cular upon one of its ſides, which will be the perpen- 
dicular of a triangle, and the fide will be the baſe; then 
find the area of that triangle as was ſhewn in Art. 5. af - 
this Chapter: and becauſe there are as many triangles 
as there are ſides in the polygon, multiply the area of 
the triangle by the number of ſides, — the produẽt 
will N area of the polygon 6 — 


PENTAGON. 
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EXAMPLE. 


Leda Figure annexed repreſent a an 8 4 
ſides AB = BC=cD =DE = EA= 50 inches; Fj 
and the perpendicular og = 34:2 Inches; what 4s its | 
area in ale . eee i 
1 1 OPERA», 


* 


8 . 


„ | * * 9 * "99 * , * _”__ 4 nn 0 F N | 88 25 0 | 
LY 66 finding the Areas of Soprfie, ed 
3 OPERATION. 
Perpendicular 9: 0a =43.2 
4 of one of EP 28. 
4 £ 6 2 ; 
= 85 ale div. =282) 8275 (3,032=Ares of the 3 
M | | Br 40S; Fob, 


h. I 5.160=Area of the penta- 
| Son in gallons. 


os y N 8 * 
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5 ra * 4 
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Remains 24 


* But the areas of any of the regular polygons menti- 
1 oned in the following table may be found without, 
knowing the perpendiculars at all; as will be ſhewn 

3 hereafter. 

The table being made from a trigonometrical calcu- 

b lation, 'therefore F have omitted to ſhew the method of 
its conſtruction ; for it would be of no uſe to a perſon 
wha does not underſtand the rules of Plain Trigono- 


þ 7 4 metry 3 * ſuch as do may eaſily find it out. 
4 3 | A Ti able of Regular Polygons. | 
$ Nom: - * be | Area. | Area, Nea. 4 Area, | 


+26 sides. Polygons. sq. Inches. Ale Gs. Wine Gs. Malt Bs. 


5 Pentagon | 1. 72 4, 060995007445 ,00078 | 
6 [Hexagon 2.598 . |,oog242 5011246 , 001208 
7 Heptagon 3.633 [|,012883|,01 5727 ,00x689 
8 Octagon 4.828 | ,01712| 0209 j,002245 
9 [Nonagon | 6.183 [,021925|,026726. , 02873 
o '|Decagon 7.695 027287 5033311. [,003579 
l JUndecagon:| 9.361 [,033195|,040523, [,004353 | 
4 Is Le 11.196 5039702, 48467 hoonos t_ 


1 * * *; a — 
- 14 - L 4 * 10 6 - 
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/ The ut of the preceding table. 

Multiply the ſquare "of the ſide of any regular poly- 
gon mentioned in the table by the common factor be- 
ſonging to that polygon, and the product will be the 
area in inches, ale gallons, wine gallons, or malt Re 
Wy p04 a 

example, Let the ſide of 2 pentagon bs 50 in- 
ches, what is its area in ale gallons? 


oofERAT IN. 
Side of the r So 
, e 


Square of ils fide = 2500 


The tabular number for ale callods. , o = 
Square of the ſide * ———— 2500 


* 1 
7 * * — N * as = : * 


CCC 
FV 1 


The area in ahh gallons = = 15.247 500 
Which is nearly the ſame as that found by eng 
fall the perpendicular, © 
In like manner may the area of any of the other re- 
gular polygons mentioned in the table be found inan 
of the denominations there mentioned; and if the area 
were required in any other denomination not there ſpen: 
cified, it is only dividing the area of that polygon whoſe = i 
ſide is an inch ſquare by the ſquare inches contained in 


a foot, pound, or gallon, G, and you will have a com- i 
mon factor for that denomination. - 


All other chern figures conſiſting of more than 
four unequal ſides are called irregular polygons, and 
muſt he reduced into triangles by diagonal lines in the 
ſame manner as was done in the trapezium, Art. 6. of 
this Chapter; then by the foregoing rules find the area 
of each triangle or trapezium, which it is divided into, 
and the ſum of the areas of the ſeveral parts will be 


8. 75 to the a area of "On figure. 
1 | AR oP. 


* £4 , 
. 
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- 1 
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"I. 
: 
J « 2 8 


8 y By S 4 | ; : : | 
area 'of a arch. | 


- \ 1 
11 f ” , 4 * * 0 LE A «4 a 4 1 bs... 128 + we , 8 y 2 7 


rech ; 3j7ͥͤõ˙ðvd ies 
IS QUARE the diameter of the circle, and that 


T ſquare multiply or divide by the factors, &c.-in 
page 57 for circles, and the product, or quotient, wil! 
x be the area require. 225 
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Area =5;6% Ale Ge. 
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NM LF 5 
Loet the dim A n of the above Arele = 45 in- 
ches, what is the rea of it in ale gallons ß 
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MW .ORERATION. 
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Th proportion by the rule. 
We. on. 
As 18.98 1: 45 : 564 = as above. 


Cir. Gage- Unity. Diameter. Are. 
point. : 
The rule being thus ſet it is like a table; for againſt. 
any diameter on p is the area in ale gallons on c. So 
if unity on c was ſet to any of the other cirtuler gage- 
points on p, then againſt any diameter on p you will 


find the area on c, of the ſame denomination as the 


gage-point that unity was ſet to. 


* 
„ 2 AT 04; hou 
To find the area of an ellipſis or ld. 


: . 
2 is at ak id 


DEF INETION) i 2668 


AN ellipſis is included in a curve line that is no 
part of a circle, but is generated by the ſeQtion _ 
of a cone, cut obliquely through its axis, and is longer 
one way than the other. | 
The longeſt diameter AB is called the tranſverſe dia- 
mgter, and the ſhorteſt diameter c p. is called the con- 
jugate diameter; and it is a geometrical mean propor- 
tional between two circles whoſe diameters are equal to 
the tranſverſe and conjugate diameters of the ellipſis. 


„ 


Multiply the tranſverſe and conjugate diameters 
together, and that product multiply or divide by the 
factors, c. in page 57 for cireles ; then that product 
or quotient will be the area of the ellipſis requited. 


— ; k EEE 
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E FEE 


1 * ; . a 9 
F 4 * fx 
>, N 
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4 ELLIPSIõò. 
"=. « 5 | c i 


3 
wo 
ll 


A Tranyv Dam. = } 2 Ine. : B 


Area= 5 8 AL Cs 
| 7 
| EXAMPLE. 
Let the tranſverſe diameter A B of the above ellipfis 


= 72 inches, and the conjugate diameter CD =50 in- 
ches, what is the area of it in ale gallons? 


OPERATION. 


Tranſverſe diam. a B= 72 

- Conjugate diam, c D= 50 
© 350,05)3600.00(10.03 fere = Area in 
35905 ale gallons. 

. . « 95000 


. 
Remains 12715 
The proportion by the rule. 
On A. on Bs on A. ön B. 
M: e 0s 
Cir. div. Tr. diam. Conj. diam. Area. 
Gs 1 EW Or thus, 
Find a mean between the tranſverſe and conjugate 
diameter, whichy in this caſe, is =60 ; then the pro- 
portion will be the ſame as that for a circle. 


oQ at ; 
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8 n 
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bo r 
5 n 3 * ; 
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on v. ene. en 5. one. | 
2 r e 0g: 20.63= en bete. 
on Gage- Unity. Mean WW. 

r i 8 


— $44 $640044 


C HAP. VIII. 
Of fnding the contents of ſolids, 


A'S fu fu — are comprehended under length and 

breadth, ſo ſolids are comprehended under length, 
breadth, and depth; and though it be improper, in a 
geometrical ſenſe, to aſcribe thickneſs to a ſuperficies, 
yet gagers always conſider them as one inch deep, 
and accordingly compute the ſuperficial CONT or 
area in ale gallons, &c. in ſolid meaſure, 


Now by having the area or content given at one inch | 


deep, it will be an eaſy matter to find the content of 


2 ſolid body at any depth, provided the baſes of that 
a equal, and ſtrait lines may be every where 
applied from one baſe to the other; for if the area or 
content at one inch deep be multiplied by the whole 
depth, the product will be the ſolid content of the body. 
From hence it will be very eaſy to find the ſolidit 
of any body that hath any of the figures in the laſt chap- 
ter for its baſes, which figures 1 ſhall here make uſe of 


for the baſes, ſuppoſing them to mn depth, as well as 
length and breadth, 


— 


ART. J. 


To find the content of a ſolid whoſe baſes are either ſquares 
or parallelograms, both equal and parallel to each other, 
and of equal.ſub/tance through every part of the depth. 


: n 
| MULTIPLY the length of the baſe dy the breadth, 
and that product by the depth, and this laſt pro- 


duct multiply or divide by the ts Oc. for ſquares 
E 2 5 
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in page 57, and the product or quotient will be 8 


content r - atlas of the __ ws ay the e Ee. 
- made uſe 0 


15 17 & iS 2 bh 


Or, 2 3 12 
Find the area of the baſe by Art. 1, WP 23 wow the 
7 laſt chapter, and multiply that area by the depth, and 
| * the product will be the content. 
| Example I. for a ſquare baſe. 1 
Let the figure in Art. 1, of the laſt chapter repreſent 
the baſe of 5 ſolid whoſe fide is 40 inches, and ſup- 
Poſe i its depth = 10 inches, what will its content be in 


ale gallons ? 
OPERATION. 
„ 9 8 
en 


— 


1 of the fide = = 2600 | a; 
Depth 18 10 


Square diviſor = bo ant 7 = Content of 79 


1410 0 FRA gallons. 
1900 iy E 
1692 

EE „ {as 1 

by 1974 


Remains. 106 


The area of the baſe of this ſolid was found in Art. 
I, of the laſt chapter to be =5.67, which multiplied 


by 10, the depth, 56. 7 the content in ale gallons, 
the ſame as above found. 


The proportion by the rule. 
on v. on o. on b, on c. 
As 16.79 : 10 : 30 56.7 = as before 
S. Gage- Depth. Side of Content, 
1 Sabre. :, 


Example 


uh. neee FP R wann - 0 8 * * a 8 4 K 
1 : n CO "= I N 9 * ENVY * n * 6 * 
% 2.4 $3 a þ ny ”— r e eee TENT * _ 1 Yep Xs: 4 SA 2 nen * * 
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* 4 2 * N * 
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« 5 Fre * 
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" e. * 4 81 
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Example II. for an oblong baſe. 91 

Let the figure in Art. 2, of the laſt chapter repre- 
ſent the baſe of the oblong ſolid, whoſe longeſt ſide 
A B 50 inches, ſhorteſt fide A v o inches, and ſup- 
poſe the CES e inches, what is its content in ale 


gallons ? 
. | _OPERATION.. 

Side AB | =— 2 OP 5 | | 
vide AD ——. ="30 . Tr 

EEE — 
DPS. $0 
1 er 2 282)1 50000 53.2 = Content in 1 

&+ v1 1 305 * n kallons. 
: © "Th wh 6 WE) f * 

. 


Remains — 24 
The area of the baſe was found in * 2, of the laſt 
4 to be 5, 32; which multiplied by 1053, 2, 
the content in ale gallons, the: ſame as that before 
found, 
The proportion by the rule i is the ſame as that for a 
ſquare. baſe, when there is firſt a mean proportional 


found between the — and ſhorteſt ſides of the baſe z : 


as for example, 

+ 33... 7: Je} BE Wb] mean proportional, „„ 
on C. — * On D. On wa On D. M 7 ö 
As $0. 1 ©  IFJ= ean fought. | 

L. 6 de. * ſide. 8. 3 8 
2. For the content. 


F aa. * © Kr 8 on p. on c. 
$16.79 : : : 38-73 : 33.2 as b. pen. | 9 
8 Gage: pt. "Depth. ean. "Content. f _- 


ä * he * A * 0 
* 7 5 $ r * ** 8 . N 1 1 1 - : 
1 lg 5 enen * e 0 9 N n N 
x 29% «+... * 5 & : 
% Fj * 2 1 4 7 8 
, * > * * 
af — 
5 
1 


Or the content may be found 155 the lines A and B, 
by firſt finding the area of the baſe, as in Art: 2, of 
the laſt chapter, and then multiplying that area by the 
depth; which product will be the content. This is 
ſo plain, that it requires no examples. 5 

n like manner may the content of any nieht lined. 
wid be found, (Whether it has a triangle, a rhombus, 
or chomboides; or if it has any of the polygons, either 
regular or irregular, for its baſes) if by the foregoing 
rules you find me area of its baſe, and multiply that 
area by its depth. 


$ 7.74 


ET 


ART. I. 


To the content of a ſolid that has two e F "IP 1 
cs. _ called a cylinder, or a has. two 
equal ellipſes for its baſes called a cylindroid, by having 
the depth and diameters given. It is ſuppoſed that the 
baſes are parallel, and that the bodies are 4 an equal 
diameter throughout the whole depth. 


8 U LE. | 
BY Art. ꝙ and 10, of the laſt chapter find the areas 
of the, pales, which areas multiply by the depth, - 
and the ptoduct will be Fas content of the ſolid re- 
quired, 7. 2 


Example 1 5 the cylinder. 
Let the figure in page 72 repreſent the baſes of the 
cylinder, whoſe diameter is = 45 inches = A B, and 
ſuppoſe the depth = 12 inches: to find the © content in 
ale gallons. 


Th maſh bby ee 1 | 

e area of the bale, as fo 2 „ 
1128 
364. 


Content in ale gallons = 67 .68 
The 


py 
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The proportion by the rule. 
on b. 5 G. on. on !:/> 3 
As 18.65 : 45 : 67.68=as before. 


c. Gage pt. Date: Gs Content. 


Example Il. for a cylindroid. 


Let the figure in page 74 repreſent the baſes of the 
cylindroid, whoſe tranſverie diameter A C =50 inches, 


and ſuppoſe the depth to be =12 enen how 9 
gallons will it contain * 


OPERATION. 


The area of the baſe as found in Att. ? = ws Fe 
10, Chap. , PPS NE 0s TT * 3 
* n ic: 5 · wal 
2006 

1003 


The content in ale gallons = 120,36 


The proportion ” the rule is the ſame as for a cy- 
linder, when firſt there is a mean proportional found 
between the tranſverſe and conjugate diameters. 


52 For the mean proportional. 


on . on 5. on c. on D. 2 
r o: 60= the mean 
Tr. diam. Tr. dan. Conj dia. Mean. diam. 

on D. on e. on d. on e. 


As 13:98 3 3K 1 60: 120 36= as before. 
Cire. gage- Depth. Mean. Content. 


int. 8 
G7 the content may be found by the lines A and » 
at two operations, viz. firſt find the area, and then 
multiply that area into the depth, and the product ** 
de the content. As for example, 
+. | ee For the led. .. 

As on A. ou d. on. engl. 
359 2. + = 30 10.0 = Arca. 
Cir. div, Tr dan. * 1 8 

4 Ke 


— ance. 
: 3 e 
0 wy SS WR n * * 
* * 


4 ” 2 © > = N | 
VA n [ 2298 \ * > BY "OY R ö 3 7 * . : * . he — 2 
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3 6 : os 4 * 
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_ pi 
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; 2. For the Coutent. 


; 8 
8 . | J 
ON BÞ on A. on. s. Un $ 


As 1 : 1003 :: 12: 120.36 = Content before 
Unity. Area. Depth, Content. found.” 

Is like manner may the content be found in any 
other denomination by making uſe of the reſpective 
factor, &c, for that denomination... | 
But the area or content of any ſquare or circular 
figure may be found at once ſetting the rule for each, 
in all the different denominations, by taking out the 
flide on which the line c is and putting it in again the 
reverſe or backward way, and counting the numbers 
in that order; for then if unity on c be ſet to the 
fide of a fquare, or diameter or mean fide of a paral- 
lelogram, or mean diameter of an ellipſis, againſt 
any gage-point on D is the areaon c. Or if the 
depth on o be ſet to the fide of a ſquare or diameter, 
Oc. on p, then againſt any gage-point on p is the 
content on c. As for example, let the ſide of a 
' ſquare or diameter = 30 inches, ſet unity on c to 
Ws” R DW 


233 Areas. 95 : : Areas. 


Ale gs. 
Wine gs. 
Malt bs. 


are on g 
d againſt the cir. 


gage · pts. on D are 


then againſt the q. 
gage-pts. on 5 for 


8 Suppoſe the Depth = 8 Inches, then ſet 8 on c to 


P . N 2 — by Py 
ba g ; ' \ ' 7 2 C t 1 
- 9 by 

5 5 5 ; 2 0 ; «% , e 
11 *ST5 * r 6-8-2. 75 bo . $ T3 1 "> 
: » nee” Y-3\ 6 © + » 105 : T k ke po $ = 72 
* 
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are 


8 


are on o 


and againſt the e 


| gage pts. on D 
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F 5 
TW Ti 7 find the content of a pyramid or cone. 


2 DEFINITION. 
Py ramid is a ſolid whoſe baſe is a polygon, and 
it ſides are triangles, whoſe tops all meet in 

a point called its vertex. 

A cone hath a circular baſe, and tapereth away to 
2 point called its vertex, in ſuch a anner that all 
lines along the flant ſurface are ſtrait lines; the py- 
ramid and cone being ſo nearly related to each other, 
that one general rule may ſuffice for finding the ſolid 
contents of bath, for either of them are equal to one 


third part of a folid of the fame height, and of the 


ſame area at the baſe. | 


RULE. 


% uh 
. 


Find the area of the baſe by the foregoing radon; 


whether. it be a circle, ſquare, or any of the regular. 


polygons, which area multiply by one third part of 
its height; or, which is the ſame, multiply the whole 


height by one third of the area of its baſe, and the 1 
duct will be the content required. 


A Square Pyramid. © af Cons; 
0 4. 0, 
Z 1 % ; + * 
. T 7 - IN: * 
5 : o Ii . 
& 8.—.4 2 


ww ver Suro 
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v<ve gown 
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Example J. for the ſquare 8 5 


Admit the fide of the baſe of the pyramid A o B = 
27 Inches =a CZC BUD A, and the altitude o 
4 = 45 Inches, what is its Content in Ale Gallons? 


OPERATION. 


Side of the baſe =a c = 27 | 150 
Side of the baſy=c'B 2 e 


. Square ale diviſ. = 282) 729% 2.585 = area, 

| 564 15=zofos. 
1650 12925 
1410 2585 


eweubk_nas  - cnn 


2400 38.775 = con. in 
2250 : aſe 86% k 
„1440 

1410 


Remains r 
To find the ſame by the Rule. 


PROPORTION. 
"NF en o. on c. 00'D. ence, «5 | 
LIST... : 2! 87:2. 3h as above. 
Sq. Gage - S TH Side of 9 25 

point. tude. Baſe. 


Example II. for the Cone. 


| Ada the diameter of the baſe of the cone c o 5 
to de 38 Inches c p, and its Altitude 43 Tuches = 
* what i is its content 9 gallons? 

1 P E R- 


* 


0 
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OPERATION. 1 


Fhe diameter c D = 38 


wi - 


| The diameter CTY = TY 
30% 
ONE: it 
Circ. div. = = 359.05) . 4-022 ares. 
| | e 5 *y 9 17 
2 — N 1 
„„ 2 en 
75 A 
L g S cont. 
a 
| Remains = — ente «A 
GIA T's find the ame by the Rule, „ 
PROPORTION. | 
on p. one. . ws. 85 12 ne] 
As 18.95 : 3 0.3 = nearly us above. 0 
C. 1 ay u. Diam. Content. 
point, tude, 
Ha 9 - 3 n 0 N 77 ＋ 
A R T. Iv. | 
E fond th content of the fruftum ns gh — 
D E F 1 NTT I 0 N,. 


A F ruſtum of a pyramid, or a cone; .is the low- 


er part or remainder of 
when the ſmall ends are cut off, 


— 


* pytamid, or on 
as A F g n is a fruf 


tum of the ſquare pyramid, ; and C ef 2 D. is a * 


0 
4 
5 — 


of the « cone : * he ks in the laſt de. And 
as a pyramid and cone are nearly related to each other, 


ſo are alſo their fruſtums. Therefore one ene) rule 
-will ſerve for finding the contents ot of bot. 


RULE. 


To three times the rectangle of the greateſt and leaf 
ſides of the baſes of the pyramid's fruſtum, or the great- 


eſtt and leaſt diameters of the cone's fruſtum, add the 


ſquare of the difference of the ſides of the pyramid, or 
the difference of diameters of the cone's fruſtum baſes, 
and this ſum multiply by one third of the height, and 
multiply or divide that product by the factors, &c. for 
ſquares or circles in page $7 ; then the product or quo- 
tient will give the content required. 


Example I. For a fruſtum of a ſquare LEY 


Let the lower part of the pyramid A / g B repreſent 
me fruſtum, whoſe ſide of the greater baſe A C = 27 


| Inches, and the ſide of the leſſer baſe F x = 13.8 inches, 


and altitude or.depth-@ c = 21 inches: to find its con- 
tent in ale gallons. I 
1 PERM TION. 
Side of the leſſer baſe „ 
Side te graste hale 4 e C= 27. 13. 8 


' — 


966 13.2 diff. 
2276 13-2 
Rea: of the ſides = ys: a 
| 13 6+. 


— . 132 
3 Time te es s 


of the ſides — — MOM 174324 = = ſq. 
89. of the diff. of ſides | I7 4-24 of diff. 
* 91 41 1. = : 1292.04, bo i 
he Altitude o. = n 


l 83 


reis — — = p08” 


F 


* 


Ly 
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Square diviſ. = =" ag 2803207 =cont. in ale b. 


—— \ 
641. 


. 
4974 


Remains 28 


To find the ſame by the Rule. nt, 2 08 


Art. vii. Chap. vii, find a mean proportion be- 
tween the ſides of the greater and leſſer baſes; then by 
Art. i. Chap. vii. find the areas of thoſe three ſquares; 
the ſum of which multiplied by 5 of the depth is equal 
to the content of the fruſtum. | 


OPERATION. 


Set unity on c to 16.79 on D, then againſt the 
on v. | on e. 
Side of the greater baſe = 27 are ( 2.58 A 
Side of the leſſer baſe = 13.8 f thoſe. £2 0.076 
Side of the mean baſe = 19,3) areas ( 1.322 
R Sum of the areas — = 4.576 
2 of the depth ae — = 7 


Content in ale gallons = 32.032 


The content ſound by the rule agrees very well with 
that found by the pen. And as this method will ſerve 
for either pen or rule, it may be _ for the pen inſtead 
of the former rule. 


* 


Example II. For the fruſtum of a cone. N 


Let the lower part of the cone c # gn repreſent th | 
fruſtum whoſe diameter at the greater baſe c D = 3 4 
inches, and the diameter at the leſſer baſe Fg = 268 - = 
2 and, the altitude or depth @ c = 21 Inches: to 
its content in ale gallons. 9 

Til i OPER- 


N 
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595 OPERATION. 4dr 
The lefler diam. fg = 202 c — S 38. 


| Greater diam. c D = 38. . 
1616 Diff. = 8 
606 8 
WA... -.. 1424 
3 | 1246 
Times rect. of V 
imes rect. 3 | 
- Lage as — 152 2302.8 Sq. diff. 316.84 


* of diff, _— hf 316. 84 4 
Sum — — = 2619.64 
T of the depth _ Lo 


Cir. diviſ. = 95%: 05)18337.48( $1.07 = Cont. in ale 
n 12 | 88. 


251335 
| Remains 90s 
To find the ſame by the rule. Firſt find a mean 


proportion between the greater and leſſer diameter, and 
then the work will ſtand thus. a 


OPERATION. 
Set Unity on c to 18.95 on D, then n the 


on D. | on Cc, 


Diam, of the greater baſe = 38 ) are (402 
Diam. of the ſeſſer baſe = 20 2 thoſe - 1 1.14 


Mean diameter. . | 1 J arcas. 1 2-14 


— — 


Sum of the areas — 720 
7 of the . ac — = 77 
1 2 — 8 


ru coment in al gallons nigh — Ta 51,10 


2 g ads EAST R N 2 * 
N N R 
de fs capt NN * at 
% NT . J 5 
4 E 


II 8 
A A n 


0 
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This alfo agrees very well with the content before 
found, which method will ſerve for both pen and rule. 
The anſwer would have been the ſame if I had not 
found a mean diameter: but inſtead thereof found a 
mean area between the areas of the greater and leſſer di- 
ameters, and added the three areas together as above, 
and multiplied their ſum by + of the depth, the product 
would give the content the fame as that before found. 
This laſt method is univerſal for all fruſtums of pyra- 
mids or cones, let their bafes be of what form they will, 
whether they be parallelograms ar ellipſes, provided 
their baſes are parallel, and there be the ſame proporti- 
on between the longeſt and ſhorteſt ſides, or diameters 
of the greater baſe, as there is between the longeſt and 
| ſhorteſt ſides or diameters of the leſſer baſes, and where 
ſtrait lines may be applied from baſe to baſe throughout 
every part of the depth. | | 


„„ 1 „„ — * * ”_ * * n 
* — — * — tc. 4 * 8 _ ” 


og 


? TP Yb brag, ; ; 
To find the content of a ſolid whaſe parallel baſes are une 25 
(the one baſe 1 of Lare other a ale | 
the one an ellipſis and the other aCircle) the ſides being ſtrait - 
from top to bottom, whether the baſes are alike or not alike, 
proportional or diſproportional, alike ſituated or inverted, 


General Rule. 


1. FO the length, or tranſverſe diameter of the 
greater baſe add half the length, or half the 
tranſverſe diameter of the leſſer bafe, and this ſum mul- 
_ tiply by the breadth or conjugate diameter of the great- 
er baſe; the product reſerve. _ 7 y 

2. To the length, or tranſverſe diameter of the leſſer 
baſe add half the length, or half the tranſverſe diame- 
ter of the greater baſe, and this ſum multiply by the 
breadth or conjugate diameter of the leſſer baſe, and 
add the product to the former referved product, which 
ſum multiply by one third of the depth, and multiply 
or divide the laſt product by the proper factors, &c, in 

a . F 


page 


1 | ö 


hf INS v 0 * * "2 5 * 5 7 Y : 

N . . . i , 
fo 1 bed. £8 K 

* : 5 Fs A 

- * 

* 

© ; 7 


þ 4A 
= 2 REN A ba, * NY hee, Oey © 


* 7 = * 4 FIR . ” * * 9 a Shah 
Gees * "= %..04oo06*8%. AA © 
2 e : n bf 

* 


— oh 1 . * $ 
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Page 49 for ſquares or circles, and the product or quo- 
tient will be the content required, of the ſame kind as 


the factor, &c, made uſe olf. 


6 6149! 169-047 e ME PILE hom, & bow! 
© Suppoſe a ſolid whoſe baſes were parellelograms or 
ellipſes, and the longeſt ſide or tranſverſe diameter of 
the greater baſe = 75 inches and the ſhorteſt ſide or 
conjugate diameter = 59 inches; the longeſt ſide or 
tranſverſe diameter of the leſſer baſe = 45 inches, and 
the ſhorteſt ſide or conjugate diameter = 35 inches, 
and its depth = 3o inches: to find the content in ale 
= + pag For the Square, &c, Baſes. 
le. ALE RAI 
Longeſt fide, &c.} „„ Shorteſt ſide of ] _ 
of greater baſe nal. þ greater baſe 3 7 45 
Z longeſt ſide *| — 22. Z longeſt ſide of ! 
the leſſer baſe \ © 225 greater baſe 1 37'S- 


— 
97. 


j 


Breadth of the } __ S Breadth of was 
- greater baſe J leſſer base © 35 


x product — = 48750 Hoe a 
2 product — 2 f. J 0 0 


Ge — * —— Ü— 


Sum — — = 


4 . = 
o 
* 


— — 


—ĩ 1 
— „ da „„ 


+ 


Sd. div. = 282)77625.0(275-3 S Cont. in ale ge. 


0 „ . ; e - 
hits 2 WS, r A 9 p 1 a l 
£ $6 -- as. 7 I 88 8 * "INE" 
3 — XY 25 © + " 8 * - Ws. 7 4 eee n 3 9 
S& 3 : +, Tos ics . D * . - * 
** * 43 2 f N C * 
£ 4 7 
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2. For the oval or elliptical 155 1 A 


OPERATION. 


Cir. diviſor = 359.05)7762 5,00(216-2 2 = Cont, 3 in ale 
3 171810 Es. 


222450 
215430 


» . 70200 _ 
71810 


Remains — 1610 


The operation is the ſame both for ſquare and oval 
baſes, till you come to make uſe of the factors, &c. in 444 
49. as it appears by the above work where I find that 
if the baſes are parallelograms the content will be 
275.3 ale e dut if en 218 we ou | 


1 + > 
— — — — — ds : —_ 2 — 1 "a. 
b 3 . * As 6 - 


% * * 8 — Shs 


1 F. N 1.% 
To a the content of a ſphere or globe. © 


DEFINITION. 


A Sphere or globe is two third. parts of a cylinder, 
whoſe diameter and height is equal to the diame- 
ter of the ſphere: therefore if the Cube of the diameter 
of a ſphere be multiplied, by two third parts of the ciry 
cular factors, c. in page 57, or if it be divided by - 
one, and half of the circular diviſors, then the product, 
or quotient, will be equal to the content of that ſphere. 
From hence it will be eaſy to find factors and diviſots 
for the cube of the diameter of any fphere for all the dif- 
* Ne in page 57. As for example. i 
| 1ſt, 


hy. 
* 
> ; 7 


* * * 3 | F 2 1 * . 
. © - MSL Wy. - OUS * * F * R N *. 1 5 * 
8 2 * * O FEI: 5 . 2 , 
» | . Eo x : 4 ee 
0 af 5 2 * 1 : 1 * 
9 35. 1 < - 
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1ſt, For factors. . 


Facts. for cylind. Facts. for a ſquare. 
1 . 000365 700024 Malt bs. 
z of J. 002785 F is equal 1,0018567 f Ale gs. 


1.003399 „002267 ( Wine gs. 


2. For diviſors the proportion is 


Fr: 1,5 :: 27379 : 4106.99) Div. U M. bs. 
as F : Iyg 2: 359-05 : 538.58 ne 10 85. 
CI: 1,5: : 294.12: 441-18 W. gs. 


And in this manner may be found factors and divi- 


ſers for a ſphere in all the different denominations men- 


tioned in page 57. ; 


20ů0õ6ʃ% 


Cube the diameter of the ſphere, and multiply ar di- 
vide that cube by the factors, c. above found, and 
the product or quotient will be the content of the 


EXAMPLE. 


Suppoſe the diameter of the ſphere A E B c were 71 
8 


inches = A B, what will its content be in ale gall 
Vide laſt figure. 1 ww 


Fl 


; * 
. wv 4 F 4 
0 a $* : * r 
L bs ' '3*W 
. 0 ; 

ng the Cont of Solids. 4 

F N * * 7 * 0 1 7 i £ 4; | & 1 y 1 . 3 * } ; £ 
SG Bo ek 01 ELICIT OE ED ECTS DT. * W 1 
. ; 4 — * = 


OPERATION.,, 


81 171 *%3 FIT Collar... 
45834 338. 58)39304-00{72.9 = A & 
2b - - — 
a . 160340 
_ . 107716 
Sq. of A 5 = 1256 EE ad 
e ee 455 
4624 Rem. — . 4 1516 
. 
Cube of A B = 39304 7 97 a 


The Proportion by the Lines p and x on the Rule, 


on o. on E. on p. on E. | 
As 1:: ,001856 : : 34 2.9 Sas aw 
Unity. Factor. Dia. 2 ntent. 
The rule being thus ſet, is as a table, for againſt 
any diameter on . is the content in A. G. on E; the 
like for W. G. or M. B. for if unity on Þ be ſet to the 


reſpective factor on E, then 3 any diameter on o 
is the content in W. G. or M. B. upon R 


The ſame may be performed by the lines c and Þ on 
the rule; for if the ſquare roots of the ſeveral diviſors 


be extracted, theſe roots will be the PO Pra for a 
ſphere. 


Thus the C 4106.99 64.1 the ( M. B. 
ſq. root | 538.58 fs ! 23-2 q gage- q A. G. 
of - 411.18 21.0 J pt. for C W. G. 

And the Proportion will be 

As the ga e· point on D is to the diameter of the 


ſphere on c, ſo is the diameter on D to the content up- 
on c. As for example in the above caſe. . 
on D. on c. on - on c. 


An33-23%36: e 8 
re. Diam. Fin, ontent. 


— BY * . 5 
. HE ; 


* 


32 of kindili the Ole of Solias. 


In like manner may the content be found in any 
other denomination, * you ! make uſe of 1 its pro- 


Per gage · point. | 
A Th: of vn. 


| Having the TERDE of the fruſtum of a ſphere B o, _ 
the diameter of 7 baſe 1 ” to 1 ſp i pre 
dia 


- — other fruſtum A o, or the remainder of the ſphere's 
mieter. See the ck — Y * 


RULE. 


Divide the hee of half the 3 of the fruſ- 
tum's baſe by the altitude of the given fruſtum, 

; andthe quotient will be the altitude of the other fruf- 

tum, or remainder of the ſphere's diameter. 


1 EXAMPLE, 


Let che altitude of the fruſtum of the " "mY x 8 e o 
=9 inches Bo, and the diameter of the baſe x c = 
30 inches: to find the altitude of the other fruſtum, 
or. remainder of the diameter of the whole ſphere, - 


& OPERATION. || 
12 e=n0=r5 4 240431 | EX: 
Fw pi Ig 


| ty © 4 
— * 17 - * 
5 % 4 Fo " a, > 4 . 4 * 
j 3 ” 5 * " ; + 5 £ 1 © q « % 4 
t : N 1 wa 1 4 4 oi Fu» * 
: ; . 1 a 
3 5 * © 1 1 
* % 5 2 » 7 . : 4 
- * 1 4 % 4 of / » p K L 
a2 © +7 3 n 1 * * . LS, . : x 
f —— 
ot g's 


TOTES 1 6 2 3 - 13 
1 Bo Salt. of other fruſtum = A o. 


. , ” . * 2 © 
* 4 . i ? 2 I fa 5 K + 4 
; % 4 - — . 
Pa — 9 * 2 4 * Fe - - P % 4 £ + * % ; + 4 Fa. * * : * 4 * 
4 : | : TX ä : , . 4 / 24 
as ws 4 * | 7 #3 „ 4 a «0 P > a , of 4 4 » 1 6 4 4 
PY ; 
w.; 7 5 7 5 
4 1 0 | * 2 2 „ * £ . 4 . 
. 4 3 1 
* * x * 5 £ + > 
J f > © . x 
nh \ "8. a 
. 


= 
. 
* 
5 * * 0, 
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ART: VIII. 


To inte pe opt. h 
: + fo diameter E c, __ altitude B O . n ang " .. Ky „ 1 1 


ent, f 43 
To 8 times N e of half the danke E 8 
its baſe add the ſquare of its altitude; this ſum _ 
multiply . 112 its altitude, and the . multiply a NN 
divide by the proper factors, Sc. ſphere in page 
90, and the PI. or e will be the content re- 
e | * Lol 
E X A N 5 b i 


Lab the timer be the ſame as in the laſt article, 
viz. diameter of the baſe E c = 30 inches, and the al- 
titude B.0 =9 inches: to find the content in ale gal- 


lons. 


OPERATION. 


Square of 4 the diameter EC 225 2 0 
| 3 | : | K. 3 
3 Times fq. of * the diam. = 675 84. 80 = 8&t _ 1 
Ny of altitude — %% 1 1 
V 
| Content 
538. ae” * G er. 
33858. | 
1 
107716 
341040 
323148 


x Remains — , 1792 


: 8 
— 
Fo E * % 
X 4 4 95 * „ 
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MAR N AK. 


* the 
5 * 95 * e or the 


Ts may = found the ſame way as the leſſer 
fruſtum was in the laſt article, or by the follow- 


1 ing nale, which will tenen bop de een, 

3. Multiply the n * half as en by three 

| © times the altitude of the fruſtum, and to this ſum add 
the cube of the altitude; and this laſt ſum multiply or 
divide by the factors, &c. for a ſphere in page 90, 
the product or quotient will be the content required, 


EXAMPLE. 


n ee of the d 1 0 8 zo inches, and 
the altitude A o = 25 inches: to find the content in 
ale gallons. 

O P E R 4 T I ON. 


1 
i . LOT 


Alt. Ao=25 


Square of 2 the diam. E e = 1 ci 
3 Times the altitude A0 = 75 Sq. alt. = 625 
„ 25 


1125 mo 

1575 325 

| — 1250 

product — — 16875 e 


Cube of the alt. — S2 15625 C. alt. = 1560 5 


538. 58) 32500. 00(60.3 = Cont. in 
323148 * * 


9 185200 
161574 


Remains 23626 
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The content of the eater fruſtum o AE = 60. 3 
The content of the leſſer fruſtum E Bc — = 12. 


The content of the whole ſphere— = 72.9 


Which agrees with the content of the whole ſphere, 
as found in Art vi. of this chapter; and in like manner 
may the content be found in any other denomination 
mentioned in page 57, if only you reduce the factors, 
&c. for cylinders to thoſe for a ſphere, according to” 
Art. vi. of this chapter. " 


a TT... „ 
By having the top and bottom diameters of the fruſtum of a „ 
cone, to find intermediate diameters at any aſſignad depth, =_— 

| LES. 


TN Ivide the difference between the top and bottom 
- diameters by the fruſtum's depth, and the quo» 
tient will be a common factor to multiply any depth 
by; the product of which added to the diameter of the 
leſſer baſe (if the depth was taken from the lefler baſe) 


: will be equal to the diameter at that depth, or diſtance 

from the baſe. But if the depth be taken from the great- 

; er baſe, then ſubſtract the product of the common fac- 

- tor and depth from the diameter of the greater baſe, and 

p the remainder will be equal to the diameter at the depth * ' 
taken, „„ | | 1 

j | EXAMPLE. 


Let the cone's fruſtum be the ſame as that in Art. iv. 
n of this chapter, where the diameter of the greater baſe 

c D = 38 inches, and the diameter of the leſſer baſe 
g = 20.2 inches, and the depth a c = 21 inches: to 
fnd intermediate diameters at every three inches of its 


88 3 Pe wy , 4 
7 = * q - * 
n EY a Og N 5 


— 


* X „848 — 42.5 1 20 = 22.7 
en + 202 = 2 

76 + 20 %% 2 
12 X ,848 = 10.2 ＋ 20.2 30.4 
os 3848 '= 12:7 + 20.2 2 3249 
, 5848 = 15.3 + 20-2 =: 35-5 


FE, Of gaging and fixing 8 
OPERATI 11 Ms 


en n e 5 
JN * 20.2 0 li bad 466 


39 = 210K 0 (848 = = Com. beo. 


4 f "1 +3 p * ' 7 
et | A 
39 1 12 8. . 13 11 
160 
168 ; 


8 "4 8 
F actor. | Diff. Leſ. Diam. 8 


If the differences above had been ſubtkradted from 
the greater diameter the remainders would have been 


the diameters at the ſame diftances No the 8 


Baſe. 


CHAP. IX. 


07 gagi ng and fixing viftuallers open utenſils, & e. 


IN this.chapter I ſhall ſhew the method made-uſe of 
by the officers of exciſe in gaging and finding the 


—_— of victuallers open utenſils, with the manner of 


fixing of them in the dimenſion book; and alſo the me- 

thod of gaging all ſorts of by-tubs, c. I ſhall firſt 

begin with the math tun, and ſo proceed in the ſame 

order as n muſt ſtand in the dimenſion book. R . 
A 


4 os * ? : 
3 
2 1 : l - 
3 I" ar n 
8 * e 9 3 8 


top 
D « 
fou 
inc] 


5 


W n ' 

4 _ : Wis N WE. > FL 

R 6 9 Ki 
7 


Ge. * Fe * . 4 


N 7 * 
3 * * 
i” We 

: yy * q 
7 Py 


the figure below. FF 3 
2 : N 2 2 # ; . 0 . * * * ; * : > 9 N 1 
%ùͤ»‚C TE: . 7 OY 
* f - 
i 1 - a 


I. ITH a dimenſion cane, or Branan's rule, © > 
find the top and bottom diameters, and al- ">" 
fo the depth of the tun; then add the two diameters, . 2 "i 
together, and take half that ſum for a mean diameter, 
which will be near enough the truth in practice, 
2. To find the area at one inch deep, ſquare the 
mean diameter and divide that ſum by the circular di- 
viſor for a maſh tun gallon in page 57, and the quoti- 
ent will be, the area at one inch deep, which e as 
a mean for the whole depth, 
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Let the above figure repreſent the WP tun, whoſe 
top diameter A B= 70 inches, the bottom diameter 
D C = 50.4 inches, and depth @ o = 40 inches, as 
found by the dimenſion cane : to find the area at one 
inch e | a 


* 0 * * 7 
4 1 
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Top diameter A — = 3 
Baur Dintnoter'd'© — S 24 


. Gepth of the 
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235 
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5 a : | ' + 4 | 4 " | : of = 4 , - 
5. 120 


CY nab = = - toe 12.54 = area'in gs. 
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Remains N 


The proportion by the rule for the area, 
en D. on c. on p. ON c. 


e 12.54 = 2s above. 
Circular Unity. Mean Are. 


gage pt. diam. 


i area thus found, with the given dimenſions, 
are to be put into the dimenſion book, according to 


| the ſpecimen exhibited in Chap. xiii. And in like man- 


ner at the area of * other round maſh tun be found. 
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; 7 2 * 4 maſh tun, whoſe baſes are equal 8 or 


and parallel to each other, and the ſides every 
© where rait from baſe to baſe. 0 os 
RULE. ; 

* WII TH ſome convenient inftrument meaſure the 

en and breadth of the _ and alſo the 

as 
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2. Multiply the length by the breadih of the baſe, 
and the WE multiply or divide by the faQtars, ic. 
for a ſquare maſh tun in page $7.2 and the FO 
quotient will be the area at one inch deep. 
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Area upon 1 Inch = 15.86. 
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E X A M P L E. | 
Let the above figure repreſent the baſe of a ſquare 
maſh tun, whoſe ſides a EAN DDA; ſup- | 
poſe I found with my dimenſion cane = 60 inches, I. 
and the depth = 30 inches to find the area in maſh 2 
tun gallons. 
565 FE 8 O. P E R A 5 * 0 N. 1 
; Side a n 5 - Hie gate, ; i" 
- _ Siqden© == — | 18 __ 
$9. Hvifor =227) 10 5. BG = area in ale gallons. 
* 7 TY 7 = & 48 A FOR 2415 1 F 
Ty 44009017 7 49IAc „ 6d tc 4515569 
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I ̃! be proportion by the rule. ig Rub. 8 8 
on on on . o 
As 1 del! Þt 16% 60% % 6 15:86 af above. 


int. 97 5 
74 ne area thus: found, n the given an is 
put into the dimenſion book according to the 1 pp 
men exhibited in Chap. xiii. and it is done. 
N. B. All gages that are taken in maſh tuns are 
caſt up by multiplying ehe atea of one inch by the 
depth, whoſe product is equal to the content in ale 
gallons. | 
Thus I have ſhewn how to gage and fi both round 
and ſquare maſh tuns, which ate the moſt uſual forms 
that theſe kinds of utenſils are made in: but if you 
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going. rules be well underſtood. 
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„ () BSERV: E whether or no the copper hath any 


riſing crown; and if it hath neither of them very con- 
$Jerable, then take the depth of it in the middle be- 

tween the center and fide, as at EF. 
2. Take mean diameters between every ſix or ten 


inches. Thus on your Branan's rufe or dimenſion cane, 


make marks with chalk at 3, 9, 15. or at 55 15, 25 
inches, according to the depth of the copper: then ſet 
the inſtrument perpendicular to the bottom of the cop- 


per, and at thoſe ſeveral marks on the inſtrument marx 


alſo the ſides of the copper on each oppoſite fide, and 
alſo at croſs men to the two former marks; 


Sq. gage» Unity!" Side of Ates... 


ſhould chance to meet with a tun of any other form 
it will be an eaſy matter to gage a and fix 1 It, if the fore- 


conſiderable fall in the middle, or if it hath a 


ww 04 wEAa, we op 


3. Wi th 
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| Victuallers open UtenGls, &c. e 
4 e your” inſtrument take mean diameters at 


thoſe marks, by turning it round at thoſe places, in 
order to ſee if the diameters are equal every way, or 


not; which mean diameters enter on a piece of paper 
a you take them, as alſo the depth of the copper. 


4. The next thing is to find the area at the ſeyeral 
mean diameters, which may be done by Art. ix. of 


Chap. vii. or by the table of ale afeas. The latter 
method, I think, is preferable for fixing of utenſils, 


as ĩt ſaves the trouble of finding of the area by the pen, 


and you areſure to have the decimal true to two places 
of figures, which you cannot be ſure to have by the 


fliding rule, although you may have a good one. Ne- 
vertheleſs it will be proper to try them by the rule, in 


order to prevent any miſtake that * r as in the 
es ne out ol * _ 47 
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e r 
the above fig repreſent the copper to be gaged 


and fixed, and ſuppoſe that I found the dimenſions of 


it by the direBtions| in this article, as follows, viz. the 


depth E F = = 80 inches, the firſt. mean diameter 5 


inches from the bottom = 44 = 44.3 inches, the ſe- 
cond at 15 inches 9 fas Sec = 46.5 inches, the third 
at, x 25 eh 1 =>b= * 55 inches, * the fourth 
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102 Wo Seeing and bs a 
at 36 inches deep = 4 =-50 inches which mean, 


{8 diameters I ſet down as under, and turn to the table of, * 


ale arc as. and take out the areas anſwering each re- 
ſpective diameter, which I ſet againſt thoſe diameters, 
and then transfer the whole into the dimenſion book 


according to the ee ann in vw WP. 170 


Nee 8 1 
5 td 72 50 = 4 * 
Mean. = 48.5 = 6.5 [a found by th tbe of 


Dim, f = 46-5 = 6.52 OI o 
d = 44.3 5-46) 
The lower area 5:46 ſerves for the gelt ro inn 
from the bettom, the ſeeond area 6.02 ſerves for the 
ſteond 0 inches, diz. from 10 to 20 inches, the third 
area 6.55 ſerves for the third ro inches, viz, from 25 
to 30, and the fauttk area 6.96 ferves from 30 to 38, 
the laſt 8 inches of the cepper s depth: as for example, 
at 15.5 inches deep of this 2 how _— gallons 
ol ale would it contam ? 
9 546 8.6 Þ 
S354 r I 


The content at 15:5 aches = = 97.8 8 ale un | 


When the depth i is 10 inches the trouble of multi- 
plication is ſaved, for it is only removing the dot in the 
area one place farther to the right hand, as 5.46 * by 
10 = 54.6, and ſo of any other. When it is 20 or 30 
inches deep, you need only to remove the dots of thoſe 
areas one place fazther te the right hand, and you will 
have the ſeveral contents at *. 5 depths, and the can- 
tent of the ode inches and tenths may be found by the 
rule: as for example, when the depth is 5.5 inches 
above fo, ſet unity on B to the fecond area on * 
6:02, them againft 5.5'on B is 33.2 Kg A S the con- 
tent before und. By thus finding che contents of cke 
ſeveral parts of the b, cat i ing them together, 


vou will gain the whole content a any depthwtrat® - 
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27 gag 2 and fix an under back, whoſe baſes. are ovals or ei- 


lipſes, whether they br We ar un Yrovided they be 
KS to each 2 oy * « * 
R U L E. 


1. WI TH ſome convenient . take the 

tranſverfe and conjugate. diameters about the 
middle of the depth, and alto the depth, which is com- 
monly about 10 or 12 inches, and ſet them down on a 
Piece of paper. 6 
2. Find the area on 1 inch by Art. =. of Chap. u. 
which, with the: other dimenſiona, transfer to the di- 
menſion book, according to the nenn n 
Oy Xii. «oe ite is done, 

E X A M P- L Me 5's 

Let the re in page ut the Daſs of the 
under te Gare i 1s of Fs = ora 72 inches, 


and conjugate diameter = 50 inches, and ſuppoſe I 
find the 28 = = 10 inches, it is fequired fo be fixed 
in the 2 book. 


1 OPERATION. 
Trad, A n 
Conj. diam. 5 2 


* 0 
* * wa 


Cire. d. 355.05) 10.03 = : area in ale =.” 
1" 08 2 | 


IS a ©. 95000 {EY 
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e en 12713 7 
The ares is not quite 20.0 , — „0 
than 10.0%; and becauſe we make uſs of but two de- 
cimals in the ares we always take the ſecond the neareſt 
to the truth. The area thus found, with the other 
| dimenſions, transfer to the dimenſion book, according 
£0 the ſpecimen exhibited in Chap. xiii. and it is done. 
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PACs or coolers are generally og of 
a ſquare, or an lenge ang. e 7 or 8 inches 
= r ag $2307 v8 - off by (3.54 Alls to bier 
A S110 HS4D 02411 R U * 1 inne 111 5 
1. With a 3 cane, or os other conveni- 
ent inſtrument, take the length and breadth of the 
back about the middle of the r e fer nas on 
- a pjeve pape n 

2. Find the area at one inch deep by Ari. i i. . ii. 
of Chap. vii. which arra, with the dimenſion taken, 
transfer to the dimenſion book, L 1 ſpe- 
Cizen e in Chap. Gil. and it is done. 
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EXAMPLE: 


Let the above figure rep ker n of e 
Cooler, and ſuppoſe I found the length of it A B 2 
1 2 inches, and the breadth B c = 59 wat 
4 wind the ae, and fix it in the dimenſion b i 
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Thee area thus found, ich the length and * : 
is transferred to the ſpecimen of a dimenſion book 1 ia 
Art. ix. of Chap. xiii. which was required. 

It will not be amiſs to try thoſe areas by the rule 
before you enter them into the dimenfion book; in or- 
der to prevent any miſtake that may happen in the 
. f 
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NECAUSE backs are not ſet level, but rather doping 
for the conveniency of the wort's running off; 
therefore if you ſhould dip ig tag eep a place the 
gage would be too much, and Y a place 
the gage would be too little. event this you muff 
1 „ | ane * 
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* 5 
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i [fin a proper — 7 OO Wo ſhall neither 


be too much nor too little. 


| . 3 dt 

| When there is liquor in the back take as many dips 
as you think convenient, and add them all together; 
their ſum divide by the number ef dips taken, and the 
quotient will be a mean depth. When this is done, 
try in ſeveral places of the — you find a dip that 
will anſwer your mean depch; which: when. found, 


mark the fide of the back right againſt that OT for a 
canflant dipping place. 


EXA MPL E. 
uppoſe I take 10 dips in the hack A B c » (vide laſt 


figure) at the ſeveral places where the depths are ſet in 
the figure, then if they are added together 


they will ſtand as in the margin, and their Depths. 
'\ . ſum will be = 25, which divided by 10, 2.2 


or, which is all one, remove the dot one 2:5 
place farther to the left hand, gives 2. 1 
for a mean depth, which by trials I a 2.6 


will anſwer at g; againſt which I 7 3 


Y et down on. a piece of * 


mark for my cane dipping pier, aud 
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ie is done. * | 77 | 
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meter. of the tun, and alſo ene which 
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2. With that wn leok inta the table of ale areas 
and find the area anfwering thereto, which area, with 


the diameter and depth transfer to the di menen book, 


according to the ee exhibited in Chap. xiii. * 
it is done. 
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ENI IE. 


Let the figure above repreſent the tun to be- kxed, 


and ſuppoſe I found A 8 =D''c = go inches, and the 


depth de = 40 inches: to find the area, and 5; 
the e book. _ N 


ö 


rde table of ale areas I find the area anfivering 59 


Fricke =6.96, which, with the depth and diameter, 
put into the dimenſion book, according to the fpeci- 
al exhibited in Chap. xiii. which was required. 
Note, all depths which are takew im thoſe utenſils 
that are fixed upon one area muſt be multiplied by that 
area, in order to find the content of wm liquor i 2 it at 
any time. As for example, ſuppoſe I had a gage of 


ale in this tun of 17-3 inches deep, what is _ con- 3 


tent of that gage? 


Operation by rule. 
on R. on A. on. on A | 
* Ax 2 _ 35 17. 3 : - 120.4 =ale ralls. 
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WIT H "IS convenient abr take mcan 
diameters between every 10 inches, in the b 
ſame manner as the copper was done in Art. iii. of this 1 
chapter, and alſo the depth; or if it be the fruſtum of a 
a right cone, take the top and bottom diameters, and P 
i 


by Art. x. of Chap. viii. find mean diameters between 
every 10 inches, which ſet down on a piece of paper. 

2. With thoſe mean diameters, ſeek in the table of 
ale areas for the reſpeQiye areas anſwering each diame- 
ter, and ſet them againſt their diameters, as below, 


which, with the depth, transfer to the dimenſion book, 7 
according to g n exhibited | in e xiii, and f 
0 is en F 5 

MOODY EXAMPLE. 

Lety "4 tun in Art. i. of this chapter alſo re- 1. 
preſent the guile tun required to be fixed (which is a 
oſten the caſe that one tun ſerves for both maſhing and in 

working of beer) whoſe top diameter A B o inches, m 
bottom diameter p c = 50.4 inches, and depth a « = th 
40 inches: to find mean diameters between every 10 ve 
inches, and to fix id in the dimenſion book. 5 n 
ee eee enen * 
e 1 
e ooh „ OR I I 0s Linu th 
85 b 00 40 com. fir. 1 ci 
N bel . „ e n 180 
e aragrs 
5 | - © PE * „ {IBN i 


"0 N {As ern er oP 8 
15 * 449 = 73 T 30.4 3 57.6 9.27 
25 * „49 = 12.2 + 50.4 = 62.6 cc } 10.88. 
35 * 40 = 17.1 + 50-4.= 67.5 4d L 12.70 


Thus have I found the mean diameters i in the middle 
between every 10 inches, as above, and the areas an- 
ſwering each diameter, as per the tables of ale areas, 
are ſet againſt them, which, with the depth, I have 


placed in the ſpecimen of a dimenſion book exhibited | 


in Enn. xiii, which was A es 
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7. age and b tun whoſe r eb cl r eva, 
"4 ed unequal, called E 


Mort 
AKE marke with chalk at the extremes both of 
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verſe and conjugate diameters at thoſe marks, begin- 
ning at the lower baſe; _ alſo the depth, which di- 
menſions ſet down on a piece of paper, as below. 


2. By Art. x. of Chap. vii. find the areas of the ſeve- 
ral diameters, and ſet them down, as under, againſt 


their reſpective diameters, whikh,, with the depth, 
transfer to the dimenſion book, according. to the N 
cimen exhibited i in Chap. xiii. and it is done. 
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Suppoſe I found. the depth of the tun = 30 inches, = 
| and the tranſverſe diameter at 5 inches deep = 42-2 


and the MR ee = ons e at 
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the tranſverſe and conjugate diameters, accord-- 
ing to the directions in Art. iii. of this chapter, in the 
middle between every 10 inches of the depth, and with 
the dimenſion cane or Branan's rule meaſure the tranſ- 
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| n Kiba, 
15 e bee me darnefdr = a and the. 
conjugate = 36. 5 and at 25 inches deep the — N 
diameter 44. 4 and the conjugate 38.4 inches: 
to fuck the ſeveral: areas, and to fix the ſame i in the c 2 
ay book. © 


The proportion for the areas by bene or rae is 


div. ranf, Conj. Kenn, M 25 | 


1 which areas 
38.45 © #75 f and diams. 


Werne a 9 -with the 
| 38. 73 * [4-41 Arie are 


to the ſpeci- 
men of a dimenſion book exhibitedin Chap xiii. which 
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Was required. 
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To gayy end Eee mad of a 2 or” 2 


1 Wr Mey og ef Ter the 
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RULE. 


«FIND een Fkcrievers 1e aden abc n be- 
6 or ro inches, according to the directions in 
Art. i. of this chapter, for the copper. If the tun is 


large, and the diameters differ much, you may find dia- 


meters in the middle of every 4 inches ; which diame- 


ters, and alſo the depth, ſet down on a piece of paper. 

2. With theſe allassbes find their reſpective areas 
in the table of ale areas and ſet them againſt their di- 
ameters, as below, whieh, with the depth, transfer 
to the dimenſion book, zecording toithe ſpceimenenht- 
dited in Chap. xiii. and ĩt is done. 
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EXAMPLE. 
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Let the above figure repreſent the tun to * gaged 9 


and fixed, and ſuppoſe I found thedepth of the tun a K 
= 24 inches, and the diameter à a, 3 inches from 
the bottom, = 24 inches, the diameter þ 5, 9 inches 
from the bottem = 25 inches, the diameter c , 15 


inches from the bottom, 26. 5 inches, and the dia- 


meter d, 2r inches from the bottom, = inches: 


to find the ſeveral areas, and kx it in | the imenſion 
; 


each 1 as follous. 


i will not be amiſs to try Or 6 By the rote, 


ral diameters on p are the areas defous Found on c, 
whiet, wirk che depth, I have transferred to the ſpeci- 


n n of a dimenſion book in SIS 1 xiii. * : 
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* the 8 of 8 areas I find che 40 areas anſwering | 


by ſetting unity on c to the circular ale gage-poinr'on = 
SB, then, if there is no miſtake made, againſt the ſeve- 
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Note, all depths that are taken i in this tun 0 * 


multiplied by their reſpeQive areas,” viz. if 6 inches, or 


under, by the lower area ; that part of the depth which 


is between 6 and 12 inches by the ſecond area; that 


between 12 and 18 inches by the third'arez: and that 
part between ig and 24 by the upper area; which ſe- 
veral contents of the parts adde 
R of the whole tun. 

For example, ſuppoſe the depth of the Wahr in this 
tun 4 20 Ka how many. gallons * it con- 
tain 


OPERATION. 
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To wow and fix a guile tun, whe 


res * are both 
UTR or Parallelegr ams, e 


R UL E. alk ies 


1TH ſome convenient iuſtrument find the 
depth of the tun, and alſo the — 2 and 


„W 


breadth in * middle between every e E. ler — 
t « 


directions in Art. iii. of ths Irn Which 
on a piece of paper. 


2. By Art, i. or ii. Chap. vii. find the areas at the 


ſeveral depths, and ſer them down againſt their reſpec- 
tive dimenſions, as in the following work, which, 


with the depth. trans fet to the dimenſion book, ag- 


cording. to the (pecimen of a e hook # 1 Shape 
*. neee eee eee — 


together will be the 


E ans aca. a. 


. 
; # 
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3 EXAMPLE. 1 41 


83 


1 the following figure to e the tun, 
which is the fruſtum of a ſquare pyramid, whoſe depth 
4 0 I found = 3o inches; and the length of the fide 
4 a, 5 inches from the bottom, = 32.53 and at 15 
inches from the bottom, the ſide þ b = 38.5 inches; and 
at 25 inches deep, the ſide =42.5 inches; to find. the 


areas at the veal OR 1 to o fix tha; Game | in A va 
enden W 
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ſquare in the dimenſion book; which is not done in 
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\BY-tubs are ſuch. as re not fixed. upon areas in the 


lindrical, conical, or elliptical. 


| Are. unequal you muſt gueſs at à mean diameter; or if 


Thu have ( Y Which fides 


of a dimenſion 


back, or cooler, in Art. v. of this chapter; only the 
depth muſt be taken, and entered over the ſides of the 


fixing of the back, or cooler. 


tt. 


TY ts «On: 
To gage al forts of by-tubs, 
DEFINITION. 


— 8 * 


. "4; 2 64 1% 8 1 
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dimenſion book, but require other dimenſians to 


be taken beſides the depth, in order to find the content, - 
vi. the length, and breadth or mean diameter. 8 6 


1. To gage ſuch ſort of veſſels, whether they be Cy- 


FFC 
Take the depth of the liquor in the veſſel, and alſo 

Aa mean diameter, by laying the gaging rod over the 
ſurface of the liquor. If the top and bottom diameters 


the 
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the wh" be elliptical lay the gaging rod acroſs between 
the tranſverſe and conjugate diameters, and gueſs at a 
nem diameter that will reduce the: ſame to à cylinder, 
which mean diameter ſet down in your book over the 
depth, with the character or qualicy of OPIN can · 
tainet:in th tub over it. 

2. Fo gage by-tubs that have Tai or 


grams OY ey a be equal or wa 
W 


* 


Ve) 5 's i U L "I" 


"Fakes whom 3 and e tub and 


alſo the depth of the liquor in it; which ſet down in 
your book, viz. the depth under, neut the dreadth with 


on letter B. againſt it for breadth, and above that the _ 


ngth with the letter L. againſt it for length, and laſt- 
t the character over it, and it is done. 

1 n ſome places it is euſtomary to cool the worts in 
braſs pans or kettles. In ſuch veſſels the diameter is 
ſound as above ꝝ hut the depth mu not be taken in 
the middle, but about four or five inches from the ſide, 
according to the ſize of it, becauſe theſe Kind of veſiely 
have a fall | in the middle. 


Sometimes worts are cooled in bowls. In ſuck caſes 
of the liquor's ſurface, and alſo the 


take the epa 
depth in the midd of the bow? ; but ſet dom only 


half char depth im your book, which will anſwer pretty 
Hear the: truth in 


bei — Se wars | 
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e ART. II. 0 Klas t 
To deduft 2 K out if warm worts, i in i can the 
ages. 
If has been found by experience. that 10 allons of 
hot wort will be but nine gallons when cold: there- 


fore, by act of parliament, there 1 7 be an allow- 
ance made of one gallon in every te n gallons gaged 


hot, To do this obſerve the following direQions, 
f F | "REL k. 


practice; W r e b b | 
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This e may be made ater dr 

or multiplication :. ng 

1. By ſubtraction. for: 6 ore the: Abet warm 


llons twice; but the, under number muſt be ſet one 
gure farther to the ri 


— the dot of the ſubſtrabend one place farther to 


1 p 
& „ * 15 

1 £7 5 a g 
F R as? 


te left hand, and it is divided by 10, and this tenth 


part ſubſtracted from the number of warm ee 0 
Mare the * he quantity of wort to be charged. 

y multiplication. Multiply the number of warm 
3 by-39 a decitnal, and. the eee Moe be 1 neat 


2 958 5 j 
elle co EXAMPLE: | 
„ Soros a'g Ef of x warm wort, Were 4 45 ton; what 


EE cage al” #30 oy 
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5 By EonerRACTION. 5 * eee. 
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"IC 2 * * ; rod 01 Mey wi 5 bs iel . 


Dane gallons. api 1 Siet + {ht 


Thus you ſee that by eicher PRE the anſwer is 


55 the ſame: but this may be performed by the rule with - 


out knowing the number of warm gallons at all: dut 
to do this there muſt firſt be a diviſor found. 
And as diviſors are the reciprocals"or multipliers, It 
is only dividing unity'by.g, and the quotient will be a 
proper diviſor to effect the ſame. For * 8 


— 


e 11 = Diviſor 185 _— 


t hand, or, which is the ſame, 
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er gf, warm. Wer 417 
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Bot when the” number of warm gallons are not 
known, and you have the depth of the liquor in a fix- 
ed utenſil; and alſo rhe Area of that depth given, "then 
the proportion is 

As the diviſor is he area, ſo is the depth to the 
content in neat gallons, As for example, ſuppoſe the 
depth of the liquor was 9 inches, and the area belong- 


ing to that depth was 5 gallons, how many neat 821 
lons would it contain ? 


-2.ct .5.0Þ,E-R-A TA1.ON, 
on B. on A. on B. on A. 


As III se : 40.5 = neat gallons, 
Diviſor. Area. Depth. Content. 7 


For 9 * 5=45, and one tenth of 45 being deduct- 
ed from it leaves 40. 5, as above; and io of any other. 
Therefore it will be neceſſary to make a mark at 1. 11, 
either upon the line A or B, for the FO eRIeney; of caſt. 
ing up of warm gages. 

If the warm worts are in circular by-tubs, and the 
depth under diameters, then, inſtead of the gage · point 
18.95 on the line D, make uſe of 20, to which ſet the 
depth on c, and againſt any diameter on p is the con- 
tent in neat gallons on c. As for example, ſuppoſe the 
diameter of a by-tub = 30 inches, and the depth of 
warm wort in it = 12 | inches," how ny neat t gallons: 


does 1 \ 26 2 * 


OPERATION. 


ile ˖*—ä + femoral th wy ve 


on D. bon c. on n. on c. | 
"As 20 : 12 :: 30 : 27 = neat gallons, 

Warm 1. e. Depth. Diam. Content. 
Kage 
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The heat is deducted out of common brewers warm 
gages in a different manner, by reaſon of the different 
nominations in the given number of e Te. 
Therefore to do this obſerve the ſollowi 
for every 10 barrels ſet down 1 under the — nd 
what remains above 10 barrels reduce into.fixking, and 
add the firkins (if any) to that ſum; and for every 10 
fickins ſet down 1 aka firkins, and what remains 
above 10 firkins reduce into gallons, and add theirTum 
to the gallons, and for every er ſet down 1 un- 
der. the gallons; then ſubſtract the under number thus 
found from the | pig number of barrels, '&c. above it, 
and the remainder * be equal to the neat * 


— | 
B. F. G. 
Let the warm barrels Sc. 16:3: 6. To find 
the neat barrels. 7 eee — 


U 


. 2 2 PE 


FO 0:8 = ineat 
barrels. 


In the abore exangle I fee down 1 * the 10 bar- 


krels under barrels, and reduce the 6 barrels, into fir- 
kins 24, to which I add 3=27 F. then for the 20 
firkins I ſet down 2 under 20 firkins, and reduce the 
other 7 into gallons = 59.5 to which I add 6, which 
= 65-5, for which I fet.6.5 under the gallons, and 
ſubſtract the lower number "om: that WN und it is 


17 EXAMPLE, II. yo 5 
n 2 1. F. 8. 

Let the warm barrels, 9. = - 86:0: 4 To FI 
the neat barrelys Gf; I « ©. 7 Rady: 4 
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A R T. XIV. 
To find new gage- points. 
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| WW H E RE AS it ma happen ſometimes in buſineſs, 
that when one of the given numbers is ſet to the 


gage-point the other given number will fall off the 
rule. FI remedy this there muſt be new gage-points 


found. 
Thus, 


Set unity on to the old See on whe . 
againſt the other 1 on c is the new gage · point on o. 


EXAMPLE I. 


| Suppoſe it were required to find a new gage-point 
to 18.95 the old ale gage - point. Þ 


OPERATION: 


Set unity on C to 18.95 on D, and againſt the other 
1 on C is 59.92 the new gage-point on 5 for circular 


ale gallons. 8 
EXAMPLE 1 5 
| To * a new gage · point for wine meaſure. 
"Bedi OPERATION. 


Set unity on c to 17. 15 on D, and againſt the other 


r on c is 54.22 on p, WEL new Rr for circular 
wine gall ons. 


. KS | In 


2 8 89 4 1 1 2 
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120 Of gaging and inching 


* like manner may any other new point be it! 
found to any of the old gage - points in . p. 57. 0 
Theſe ſecond gapgeepoints are the ſquare roots of the | 


» 


diviſors multiplied by 10. As for inftance, the circu- tha 
lar diviſor for ale gallons = 359.05, which multiplied 
by 10-=3590.5, whoſe ſquare root = 59.92 the new 
gage-point for ale gallons, as before found; and 294.12 
the circular diviſor for wine gallons, multiplied by 10 7 
= 2941. 2, whoſe ſquare root 54. 22 the new gage- ; 
point for wine gallons, as before found; and ſo for any d 
other new gage- point. 1 


* * ** g 1 * * 


I) be uſe of the new gage-point. 
Suppoſe the depth of a veſſel be = 8 inches, and the 1 
diameter = 9 inches, what is the content in ale gal- 
lons ? e RE. ns tun 
RE QT ERATION nec: is 
e. obD. , ö 


As 59.92 : 8: 9 1.8 = ale gallons. 
New ale Depth. Diam. Content 
—_——- : Rs 
But if the content were required in wine gallons, 


Done. nc. on d. on . . 
As 54.22: 8 :: 9 : 220= wine gallons this 
New wine Depth. Diam. Content. | him 
gage-pt. 1 we . | kee 
"hp hh 8 tent 
N eee N rive 
5 | . | | | _ | equ: 
qa 5620 CHAP. R. ene done 
T HIS chapter treats of gaging and inching, . &c. 
of all ſorts of common brewers open utenſils gu 
according to the common methods made uſe, of by 30 i. 
the officers of the exciſe; and from thence is deduced the 
a little table-book, which is placed at the latter end the 1 
in the ſame form, as if it was a real table- bock, which dept 


may ſerve as à precedent for young offers to 
apply to whenever they may have occaſibn; for 


it 


„ 
- 


as? 
Dane 


n — &o. 


it may eee ſo happen that a brewhouſe may be 
erected in a diviſon where there was none before. 


I ſhall begin with the maſh tun, and ſo N in N 


that order as they muſt _— in the table book. 


— : / 
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2 * tb 8 
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0 75 
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T6. gare and inc a maſh tun whoſe parallel baſes are ne a 


ſquares or ' Parallelograms, and i its Jes every where rait 


N SEE ORE 
Oy Oe Ou IPD 8 U L E. 
Wage convenient inſtrument take os ; 
and Rn, and alſo me n of the 
tun. 


2. By Art. the Obap. ix. find the area upon one inch 
deep, 8 multiply that area by the depth, and the pro- 


duet will be the content of the tun in gallons. | 
Reduce both the area and the whole content of 
the tun into quarters, buſhels, and gallons. | 
To find the content upon every inch of the tun's 
depth, .add the area of the firſt inch reduced to itſelf, 
and the ſum will be the content at 2 inches deep; to 
this ſum add the area of the firſt inch, and you will 
have the content at 3 inches deep; and in this manner 
keep continually adding the area of 1 inch to the con- 
tent of the 3d, 4th, 5th, 6th, Cc. inches, till you ar- 
rive at the depth of the whole tun; which laſt will be 
equal to the content of the whole tun if the work be 
done right, if ocherwiſe not. : 


EXAMP L E. 


| Suppoſe I found the depth of a ſquare XY tun = 
30 inches, the length of the baſes = 119 inches, and 
the breadth = 102 inches: to find the content of 


7 


the whole 15 and alſo the content at MAY inch of its 


depth. 
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Leng un 125 i e e 
| Breadth of baſes = 12 R mne a 61 n 
B 1190 | 
T4 Wy = ae” 55 "oe =» 4 at 1 inch 
0. eee 30 S depth. ene 
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9.788 8) 1604.10 = = cont, in . 
$)53: 47 = = area in 681 


galls. 5 000 Lest in buſhs. 


6:5. 47 = area in 1000 f. 5b. g. 


enen &c, 98 7 0 4.1 2 content 
© r inen &. 
. 99 1 457 8 um bers 35. 

* ; STE as 26,913 


. — 34 by $2 (5x1 i 
Thus I have found the content of Lis e tun = — 


25 gts. O bs. 4. 1 gs. and the area at 1 inch deep = 
- ©'qrs. 6 bs. 5.47 gs. the next thing to be done is to 


find the content at every intermediate inch of the 
depth, which! is done thus, and Dodheres 
Q. B. G. 
5 5.47 = Content, at I inch. 
: 547 A . 


3 5 :. 314.= Content at 2 inches. 
Mt] 5 547 „ 

4 
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—— 


4 . 0.61 = Content at inches. 
492 Tor = 


1 1 _ 


6.08 = Content at 4 {aids 
3 _ 


4: 3-55 =-Coatent at 5 inches. : 
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And in this DYSON pro cevdedtll I came to 39 
inches, the whole depth of the tun, which] find to be 
25 qs. o bs. 4.1 gs. = the content before found, 
which proves the work to be done right. The ſeveral 
contents thus found are placed in the table book, page 
140, againſt their reſpective inches t roughout the 
whole TN. The dimenſions and area at one inch, 


with the content, are placed in the front of the table 


book, in page 139, which was required. 


In filling up of the table I have rejected the odd tenths 


if they were under 5, and when they exceeded 5 I 
have added one more to the even gallons. 

If the tun to be inched had been a cylinder the Us 
meter muſt have been ſquared, and that ſquare divided 
by the circular diviſor for maſh tuns in page 57, and 
the reſt of the work would be. juſt the ſame as for the 


ſquare maſh tun; or if it had been the fruſtum of a 


cone, then I ſhould find mean diameters in the middle 


between every 6 or 10 inches, and then have found the 


areas. of thoſe. diameters, which areas added for every 
reſpective inch to which they belong. will give the con- 
tent at every inch of the tun's depth, as will ap- 
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To | gage PI inch a copper with-a riſing © crown, and make 
an allowance for the Jane.” See the Jaſlewing figure. 4 
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RU L E. 

. Take a wal Fee or Gres, ad faſten one end 
of it at A, and extend the other end to the oppoſite fide of 
the copper at x, where make it faſt ; then with ſome con- 
venient inſtrument find the greateſt depthof it, which is 
 =aD=ec; that is the neareſt diftance from the thread 


to the bottom at D, and ſuppoſe-it = 30 inches. 
In lixe manner take the leaſt depth of the copper = 
o E, which is the neareſt diftance from the thread to the 
top of the crown at E, which ſuppoſe to be=27 inches, 

then 30—27 = 3 inches, the us, 5 ht of the crown. 
2. To find the diameter at the bottom of the crown, 
Wear A B the top diameter, which ſuppoſe = 90 
inches; then bold a thread with a plummet at the end 
of it, ſo as that the plummet may hang over D or c; 
.then meaſure the diſtance between the edge of the cop- 
per and the place where the threats cut each other = 
A Se, which ſuppoſe : inches, andg + 5 = 
10 ſubſtracted from the top 1 = 9o leaves 80 

= D,C, the diameter at the bottom of the crown. 

"to find the content of the liquor requited to co- 
ver the crown, meaſure the diameter hi, which touches 


the top of the crown, and. ſuppoſe it = 82 inches; 
then by having the top and bottom diameters, and the 


altitude of the fruſtum of a cone, or that part hi D, 
the content of that part may be found by Art, iv. 
Chap. viii. from which the content of the crown muſt 
be ſubſtracted. 5 

The content of the crown may be found by Art. 
viii. and ix, of Chap. viii. as the fruſlum of a ſphere; or 


thus, 


41 | | L „ 
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thus, multiply the area of the bottom diameter 


by half the altitude of the crown, and the product will 
be nearly equal to the content of the crown, which ſubſ- 
tracted from the Part þ i c p will leave the quantity of 
liquor required to cover the crown. - + + ws 
Operation for finding the quantity of liquor to cover 


Diam. D!...{- '=:$0:-:0 


* 4 


Diam. bi =82 } 18.727 Area of the 
Areas, 77-835 diam. oc 
| 18. 


Mean diam. 29 | | 43 1 


alt. = 1.5 


The contedt of the pare 5 

FN 3 ©, 07” - 

Content of the crown 1 17825 
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crown; or it may be found by meaſure 2 is the 


dimenſions 


«a 


At the ſame time take mean diameters between every 
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126 Of gaging and inching 


depth in gallons are placed i in the fourth column; which 


ſeveral contents are reduced to barrels, &c, and ood 
in the three laſt columns. 


NW bur, Content In Nenne n | 
"oo | en Gallons 1; F. 8 

6 

5 

3 


4. 88.0 | - 21-568 n $1 
$5.5 | 20.360 | 203. ya 


3 _$2.5 | 28$:956\ | 1 6 1 
3 EC: ; | ; 
4 is ; gi * 

: | Content of copper: 


- The two upper contents in 1 are bound 1 by 
removing the dot in the areas one place farther to the 
right band; the laſt content is found by neee 
its correſpondent area by the depth 7. 

The next thing is to find the content upon every 
inch of ah (Oper! 8 hos mom TY, | 


n 


b e it's content of the copper reduced i into 
barrels, tc. ſubſtract the area of the firſt 10 inches, 
and the remainder will be the content when one inch 
is dry; and ſo continue ſubſtracting that area from the 


remainder until ro inches are dry, and you will gain 


the contents of the firſt 10 dry inches. See the work. 
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content of the copper, as before found. 


r Of gaging and inching 


When I have finiſhed the ſubſtraction with the firft 
area, which is at the 10th'dry inch, Fadd the content 


of the firſt 10 inches to the remainder, in order to prove 


tay work, whoſe ſum, if right, will be equal to the 
- Then [I take the ſecond area and ſubſtract it from the 
laſt remainder, and ſo continue to do till I come to the 
- 20th dry inch, and then to prove my work I add the 
contents of the firſt and ſecond 10 inches ta the laſt 
remainder, whoſe ſum, if gight, will be alſo equal to 
the whole content of the copper. 
Laſtly, I take the third area and ſubſtract it from the 
1.ft remaigder, and ſo proceed till ] come to the 27th 
dry inch, whoſe remainder, if the work be done right, 
will equal the quantity. of liquor to cover the crown, 
as before found. I hus having finiſhed the ſubſtraction 
It transfer the ſeveral contents to rhe nearelt even gal- 
Ion to the table book in page 140, and it is done. 
I have been the longer on this article in order to ren- 


der the affair of inching, &c. not only of the copper, 


but alſo all other ſorts of utenſils that ſtand upon ſeve- 
ral areas, as plain as poſſible; for the content at every 
inch of the depth is found after the ſame manner. 

Ian adding and ſubſtracting of barrels, firkins, and 
gallons, there will ariſe ſome difficulty by reaſon of the 
odd half gallons, or 5 tenths, that are contained in a 


firkin of ale; which I ſhall endeavour to remove by the 
next article, and to render the buſineſs of addition and 


lubſtraction of thoſe kind of numbers as eaſy as if the 
firkins conſiſted only of whole gallons. 
g — 5 * 4 cds $2?” EIN a | 
5 „ % 
To add and ſubſtra#t barrels, firkins, and gallons, c. 
„„ ,, 5.20. 


VF N 
F the two given numbers of gallons and tenths to be 
added together be under a fir kin, add them as in com- 
mon arithmetic: but if they are above a firkin, (Om 
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will appear by inſpeQion) add the thirds and ſeconds 
together, (if there be any) as in common; and when 
ou come to the primes, always add 5 tenths. to the 
ſum of the primes, and ſet down the exceſs above 10 
underneath the primes, and for 10 primes carry 1 to the 
n then as many gallons as there are above 9 ſet 
down under the gallons, and for the 9 gallons. carry 
I to the fickins, and then proceed N a/2:5 wh r ELM 


EXAM P LE. 


r eee eee 


- 


© — bes | . 8 


: — I: 2.999 — 

Here by inſpeRion I ſee that the ſum to be added 
will exceed a firkin; therefore beginning at the thirds 
place, I ſay 5+4 29, which I ſet underneath; then 
for the ſeeonds I ſay 4+5 =q, which I ſet under the 
ſeconds; then for the primes I ſay 6 +8 = 14, and 5 
more I borrow = 19. I ſet down the 9 under the 
primes, and carry 1 to the gallons; and r+3=4s 
and 7 = 11, which is 2 above 9, and which I ſet down 
under the gallons, and for the 9 gallons I carry 1 to 
the firkins ; which is 1 F. 2 Gs. and „999 thouſandth 
parts of a gallon. This is ſo eaſy that it requires no 


Fn; II. Of ſubſtraction. 

. RU er 71 04) 0 malig 
- 7. If the minuend be greater than the ſubſtrahend, 
then ſubſtfaft as uſual. But if the minuend be leſs 
than the ſubſtrahend (which will appear by inſpection) 
ſubſtract the thirds and ſeconds as in common arith- 
metic: but when you come to the primes add 5 tenths 
to the primes of your minuend, and ſubſtract the figure 
below from that augmented prime, and ſet down the 
remainder underneath the primes; then add 8 to the 
gallons of the minuend, and ſubſtract the gallons from 
; | $ 33 4 that 


& 
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down under the fourths, an 
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130 5 of gaging and fixing. 


that ſum, and ſet down the remainder underneath the 
pallons ; then carry x to the firkins for the 8 gallons 
ou borrowed,” pritery as uſual. 

2. If after you have added 5; tenths to wks primes ou 
cannot have your fubſtrabend figure, then, 1951 of 
5 tenths, you muſt add 15 tenths to it. But then always 
mind to carry 1 to the gallons for the 15 tenths bor- 
rowed. e or two win make this more Intel- 
ligible. 88 1 


From — 0: 1: 2.90 1 0: 1. 
Take 8 0 9 = 0 + 0.9832 © 
Remainder Org . 8584 © 3 2. 8822. 


In the firſt example 1 ſey 3 which: 1 ſet 
down under the thinds 5 and 9-4 2 5, which: I fet 


down under the ſeconds; then 6 ſtom 945 = 14 is 8, 


which I ſet down under the primes; then 3-from 2+8 
=10.is 7, \which'I ſet down under the gellons: and 
for the 8 1 borrewed I carry 1 to the NE; ne 


7 taken from I leaves nothing, as above. 


In the ſeeond example I fay 42 = which 1 ſet 

4.4 ze; which I ſet 
down under the thirds, a4 8: 1 5 3 10 = 16 leaves 
8, which I ſet down under the ſeconds. Then for the 
primes I fay 941 10, from 3 15 = 18, leaves 8, 
which I ſet down under the primes, and carry 1 to the 
gallons for the 15 borrowed, and ſay 1+6 = 7, from 
i+8=9, leaves 2, Which I ſet dis under the gal- 
lons, and carry 1 for the 8 gallons 7 — wed, to * 
fickins. - The. reſt of the work i is performs Fr VA COW 
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T ke adding and ſubltrating of firkins, gallons? Ke. 


of 34 gallons to the barrel may, be performed with more 


facility. and cafe K the following ben the prebecing | 


| methed; Mr r $1 5 4 20% 13 112 15 1 . S451 14 * 
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Add 1.5 (the ceonlemezt of 8. 5 to 10 gallons) to 
the common area that'is to be added or ſubſtra Red, and 
the area thus increaſed made uſe of in addition, inſtead 
of the common area, in caſe the ſum of the fracti: ns 
to be added exceed a firkin; and in ſubſtraction, wheie 
the ſubſtrahend exceeds the minuend. To make this 
more intelligible, I ſhall fubjoin the two following ex- 
amples, one in addition and the other in ſubſtraction, 
to three inches of the depth. The operation will be 
the ſame ſor the whole depth, provided the areas are 
alike from top to bottom; but whenever the areas vary, 
the ee 13 muſt be made to the new area. 


** 


B. F. G. 
Det r area to be added 2 0 0 r. 
* II. 15 | "add! 1 0 . N .. 
een Jak areas © 0 6, 355 
M An 
1 be ubltnted = 0 2 2 
* 980 201 81 vis i x TEIN 1 0 0 HZ... * wot 1 
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L--4 Yy! 1 Ty Ts 1 „ 
Serien. | YM | 
2c % S1 = GDA ads ws 2 B. F G. — 
Area 74 4 5 , > ; = 0 0 4855 $ 
W area. — — "= 00 6.355 
1 ach 2 29 2914 50 — 2 o 1 1.210 <1 
Common * — = o 4.855 
2 Inek— — = 0 1 6.066 
1 TR. = oo 
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| SUBSTRACTION, 82 
an e B. F. l 
Increaſed area — . 8 00 
end — — 2 16 1 5.948 
Common area. en, — 2 902 45 8 
Increaſed area —— 2 0 — . 
3 Inch — — = 15 0 5.312 


And in this manner may any.number. of gallons and 
firkins be added and ſubſtracted with as much eaſe and 


expedition as if they were whole numbers. 
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To gage and inch an en baſes are equal ' ſquares 
or parallelograms,” "and its Ades 2 fo the baſes. : 


R U nl 


„Wirn ſeas convenient inftrument take T0 
length of the back; which ſuppoſe here to be 
=148 rex and alſo the breadth = 112 inches, and 
ſuppoſe the depth = 10 inches. 

8 Art. i. for a ſquare, or Art. ii. Chap, vii. for 
a i find the area upon 1 inc 
multiply by the depth, and the prsduck will be eqyal 
4 to the content of the whole back. 5 
* 3. To find the content at every Inch of the tun 
2 reduce the area of 1 inch into barrels, er 
nd gallons, which will be equal to the content of the 


"0 the content of the felt inch, and you will have the 
-antent — the firſt inch to the contents 


which 


firſt inch; and that ſum added to itſelf will be the con- 
tent of the ſecond inch; and to the content of 2 inches 


at three inches deep; "wo thus, by continu- 


of 
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n See the work. 
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1234 of gaging and, inchipg | 
And thus, by eontinuing the addition to 10 inches 
the depth of the back, I found the contents at eyety 
inch of the ſame as they'are plaeed in the table, page 


140, which is ſo eaſy that it is: quite needleſs to in- 
ſert the whole proceſs. Only here obſerve that if tbe 


content of thè faſt inch is equal to the content of the 


back before found, the work is done right, otherwiſe 
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ART. Va: 1 $b; 


Te gage a back or cooler, and to find the content at every 
tenth ef an inch, commonly called Jenn a back. 


I 


a. 


* 


„Wir ſome convenient influmene take the 


length and. breadth of the back. 


2. By Art. x. Chap. vii. I find the area. or content 
on one inch deep, which reduce to barrels, firkins, and 


gallons; find the one tenth of that area by. removing 


the dot one place. farther to the left bande which alſo 


reduce to barrels, &c. 


To find the content at every tentl „ add the area 
or content of the firſt tenth to itſelf, a [ you will have- 
the content at 2 tenths; again,. add the content of the- 


. 


firſt tenth to the content of the ſecond, .tenth, and you 
will have the content of three tenths; and thus, by. 
continually. adding the content of the firſt-tench for 

every tenth, you may tenth a back to what depth you 


pleaſe. But if you. continue the table to 5; or b inches 
of the back's depth it will be ſufficient in moſt caſes, 


becauſe the worts-are ſeldom put deeper in them than 


5 inches for 60ofing; and if the gage e taken ſhnuld ex- 


ceed the limits of the table, it is only taking the depth 
at twice out of the tables, and adding the contents of 
each depth together,: and you will have the content at 


the whole 15595 of the gage. 


e. E. 2 
\Buapoſe I [IR 'the length 8 


of the breadth = 90.8 9% 11 to find the content at 


every tenth of the firſt 3 inches of the back's depth. 
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© The area or content of 1 inch b 87. 58 gallons, 
the tenth part of that ſum is 8.7 58 gallons, which redu- 
ced is o B. 1 F. 2.58 G. and ſo much will the back 
hold on every tenth * an inch of its depth. The next 
thing to be done is to find the content at every tenth - 
of an inch till you come to the depth required to be 
inſerted in the table thus. 


OPERATION. . 
5 B. F. Mes 2 ; B. VF, * © 
1 Tenth = : 0.258 6 Tenth WE; 

0.258] - O: 


2 
; A. 

0.51617 Tenth =z 3.35 
8 
2 


\ Sp * 


_ 


O 


* 

1 — 

2 Tenth S 2 1.800 
. 1: 0.258] 98 1 0.258 

3 Tenth 20. 3: 0:77 [8 Tenth ar: 
2: 0.258} .. 2240 

4 Tenth S: 0: 1.032 9 Tenth =2 : 1: 2.322 
Sy, „ o 28840 Wo. 0 % 90.4288 
7 — N — 


Un, 
J a 8 * 
— 
© 05. 
hy | mn 
* 63 


1.290 Con-at ) . 2 4.880 
0.25801 inch 7 5 
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k we. 4 ” F ft 4 . 1. EF © 4 1 
6 Fenth Zi: 2 1 F %% c 
Fenth 1 2 15 % 
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Thus rk fe I inch en FF 
find the content to be equal to that before found, which 
proves the work to be true; ane. in this manner I pro- 
ceeded to make the table in 141 to 3 inches of 


the back's depth, where all the a ve contents are pla- 
. 10 the neareſt even = gallon. 


A K T. vI. 


e guile tun in form of the fruflum 9 a 
cone, and to make an allowance for the ap or fall, 5 
the figure following. | 

js L.A | 
u f Re * * N77 | 
F 755 


— 1 : on 2 
52 N 
. - 2 N eee e 52 22 wow 
„ LE BAR £ +. ; | | - | 
Py by \ c F. . 
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1 
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1 (AVSE water to be . into the tun till the 
bottom is juſt covered, which will be when the 


water touches the point o, and ſuppoſe the meaſure of 
the water.in this caſe to be 30.92 gallons. 


"oy | 
2; With a quadrant, or à level, find the horizorital 


line r B thus: faſten a ſtring on the top edge of the 
tun, as at z, and let an aſſiſtant hold it out on the 
other fide. Then reſt yout level on the ſame place, 


and hold it in ſuch a manner as that the bottom of it 


may be horizontal, which you will find by the plum- 


met. Then let your alliſtant draw out the ſtring - 
| 7” 
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rallel, to the bottom of the level, till it touches the op- 
poſite ſide at v, where faſten it; then will F B repreſent 
the ſurface of the liquor when the tun in that poſition 
is full and it will be alſo parallel to the line ae on nad 
non f the liquor which covers the drip. of 
ake the perpendicular depth of the tun, that i is, 
ths ſhorteſt diſtance from the water at e to the ſtring at 
ba, which ſuppoſe here to be = 26 inches = Fgue. 
4. Take mean diameters parallel to v B and o e in 
the middle between every 6 or 10 inches of that depth; 
and ſuppoſe the firſt mean diameter ag at 5 inches from 
F B = 83.6 inches; the ſecond mean diameter þb at 
15 inches from F B= 78.7 inches; and the third mean 
diameter cc at 23 inches from r B = 74.5 inches. 
5. By the table of ale areas in Chap. xv. find the 
\ areas and ſet them againſt their reſpective diameters, 
as in the third column of the following table. Then 
find the contents of the ſeveral depths in gallons, and 
ſet them in the fourth column. Laſtly, convert theſe 
contents into barrels, &c. and pions them as in * three 


| laſt columns of 10 table. 2 4 . e 
LEE 3 * R — POT SS s 
- TY SIP To ont. In | 7 
wy Poe pan Ares. "galls. 4 If 
10 93.6 5 N 194-65 


22 


10 78.7 17.250 174.5 
1.06 L745 115-458} 92.75 
| To cover the drip.] 30.29 


ot 2 " Twhiole &. content. nt. 420. 82 


8 4 
— 
* 


78 to ſind the content at every inch of the depth 


7038 the . area 1 8 into barrels c. and it will 
be o B. 2 F. 2.465 hich ſubſtracted from the 


N > ry he 14 B. 1 F. 6.32 G. leaves 13 B. 


* = the content when 1 inch is dry. 
rom 3 08 * N ſubſtract the ſaid area, and you 


will have the content when 2 inches are dry; and thus 


continue ſubſtracting the firſt area from the ſeveral re- 
mainders 
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mainders until 10 inches are dry; when there will re- 


main 8 B. 2 F. 7.17 Gs. Then take the ſecond area 
17.25 converted into firkins, &. and ſubſtract it from 
che laſt remainder; and thus continue to do till you 5 
bp! 1 27521 ary, when there wil. remain 3 B. 2 
e A» oats | 
_- Laſtly, take the third area 15. 458 converted, into 
barrels, &c. and ſubſtract it from the remainder when 
20 inches are dry; and thus proceed till you have 26 
inches dry, when you will have remain, if no rhiſtake 
be made, o B. n you 42 G. ='the . of liquor 
to cover the bottom as Wade found. 
I have omitted to ſhew the operation at beige; be- 
cauſe it is performed juſt in the ſame manner as the 
copper in Art. ii. of this chapter. But the contents at 


1. wh to the neareſt even gallon, n. 
N. B. You muſt make a mark at 7 for A conſtant 
dipping place while the tun is in this poſition. 
I this tun had been a cylinder, or a ſquare, whoſe 


pendicular to their baſes, then it is plain that the dry 
hoof F A B would be equal to the wet hoof e p, and 
the ſolidity of the hoof oe D might eaſily be found ei- 
ther by meaſure-or calculation; ſor if balf the depth 
of the water at e D be multiplied by the area of the baſe, 
the product will be the content of the drip, which ſub- 

ſtracted from the whole content of the tun, will leave 


will be the ſame diſtance from A as e is from p, that is, 
Ay muſt be ge b. In like manner may tuns of any: 
other form de gaged and inched, provided the areas 
are found at the ſeveral depths according ito ay: direc- 
tions delivered in Chap. vi. 
Now having fully explained the nature of gagingan and: 
inching, c. of common. brewers utenfils, I ſhall,” in 


Ben collected e the res of IA" W , 


. 


every dry inch in barrels. are inſerted in the thbleg page = 


baſes are equal and parallel, and whoſe fides are per- 


the content of it in that poſition, and the dipping place 


the next. place, give a precedent of a table-book, en. 


"5 6 


wo” Table Book. a 


A. 


e = 7 WE Ne and“ 
10 £ i | 2 
Round, J Dopfer. II games. 
Is 8z3ÞiÞ|s{2 83 805 Dep. | 
EE 8 i 2 EI i Diameter. 25g 
2 8 a2 of Q 8 22 0 0 
— 2 8 — — — 
Le EE 8 iE Length. 
78. ———— I — 1 e — 
3 48 Sils Breadth. | 
E : oo! vis O 3 8 ̃ 
7 8 . — bay — 2 
3 312 — 2 | 2 2 es | 
F8SRheefels [22 fc] 
|. £98 2383 IF | 8 [ 1 
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nj] won | 12 · 8 i 1 
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Arne 5 2 422 18 1 
2188828 18 SETS 1 9 7 81 
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The above table contains the dimenſions, areas, 
and the contents of the ſeveral utenſils, as they were 
found in the ſeveral articles of this chapter, and which 
are ſuppoſed to be all that are made uſe of by a common 
brewer, For if there were any other utenſils uſed by 
the brewer they ſhould all de gaged and inched'ac- 
cording to the foregoing directions, and their dimen- 

ſions, areas, and contents be inſerted in the above table. 
As for inſtance, if there were two backs, or two 
rounds, or two ſquares, write in the firſt column a 
back and back, or x round and 24 round, or 1 ſquare 


* * 1 r * * 
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6140) „ 
and 24 ſquare; and then their dimenſions, &c. againſt 
them. In this and the following page are placed the con- 
tents at every inch, &c. of the depth of each utenſil ; 
their uſe is for caſting up common brewers gages, or 
finding the content at any inch of the depth. Here it- 
will not be amiſs to obſerve that the wet inches are ta- 


* > 


4 Common Brewer's Table Bool. 


"Mah Tun, Tame” "Under Back, 
Wet o. ta . Dry We. N 
inches. * E inch | G1: inch B, £24 
$32 4-0 6| | - | Full 15 214 24 8 
. 1 det 1 21 4-|-7 
Pp feel algae 
4 1312 6 4 3 12 2 5 * +} 4 2 3 ä 0 
440 4 a N . 81213 
14445 1 + | 27 11 |}. 2 111 
8 1 | i 8 | 
9 E 2.9 f 8 T 7 * 19 2, 
| | 10 8 21.7] = 9 34 . 10 I} 
1 21.2441 | Ws ZI Ha. 4 
. 11 10 of 4 ſincb 4 
1 2 1 13 1 64 | — . 
e 1244 
pa 1 N 16 8 j 
+ 51 * . 41 1 111 * 
Fog O01 3} 1 of hy | 
i BREE. I. I 
| n 2114 | 
| 4] 3] 3 8 
f 3 6 : | 21 6 | 4 a 184 * 
7 : 5 « | wh 4_ 1 | i} 
3 3 1] 2 Wes | 1 
| 717 | 24\]2 i 8f | ** 
11 25 316 r 
5 27 31:4 4 +1: 
To cover | . 3 . 1 
97 4] the Cr. ; ; Bs 
114614} wen | dove [of þ 44+ 
T4 { -+ 2 half In. | o|-1j2 | F | | A 
| ; ; * 3 half In. 1 1.5 | | 


5 W in the maſh tun, how 1 Quang, &c. would 


-Of the uſe of the Tables. 


EXAMFLE TL .. 
- Suppoſe the depth of the goods or grains were 18 


it contain at that depth? 
I ſeek for 18 in the firſt column under wet inches, and 


againft it is 15 Qrs. o Bs. 


3 G8. = 


the content. 


* — ̃ ͤ Ov e eee eee 
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Note, In gaging you muſt fake only even inches in the ma 


tun. But the copper 


be taken to the neareſt half inch, and the backs v0. the neareſ 


tenth. 


ee 


pper, under - back, rounds, and ſquares, m 
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Wet inches|, p. 
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EXAMPLE, II. 


- . Suppaſa; there were 15 inches of the qr, how 
many barrels, &c. would there be in it? 


OPERATION. 


1 ſeek for 15 in the ficſt column of the copper . 
| ay: inches, and I find 7 Bs. 2 Fo, 8 Gs. =the content. 

hen the depth is taken to a half inch, then the con- 
tents of the half inches under the tables will be of uſe, 
But obſerve when the wet inches are taken, then the 
content of the half inch muſt be added; and when the 
dry inches are taken, the content of the half inch muſt 
be ſubſtracted from the content of the even inches. 

As for example, ſuppoſe 15 4 inches of the copper 
were dry, how much would it then e contain? the con- 
tent at 15 inches, as found above, is 7 Bs. 2 Fs. 8 Gs. 
from which I ſubſtract o B. 1 F. 2 G. the area of the 
24 half inch, and there remain 7 Bs. 1 F. 6 Gs. = = the 
content required. | 


NN eker ee 
* CHAP. „. a 
07 caſe goging. | 


CE _ is a very curious art, and i is the moſt 
(OI, t part of gaging. 

The difficulty ariſes from the great variety of Curves 
that theſe kind of veſſels are compoſed of, and for that 
reaſon it requires a good deal of judgment, and practice, 
to determine the exact content of. any cloſe veſſel. In 
order to have a right underſtanding in the matter, it 
would be neceſſary for the gager to have ſome idea of 
the conic ſections, becauſe caſłs are generally compared 
to ſolids generated by one or other of thoſe ſections ; 
which would enable him the better to diſtinguiſh to 
which of theſe ſolids the IR curve bears the 9 
reſemblance. e 3 
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 Gagers have reduced thoſe. different curyatures of 
caſks to four varieties, G. 

Var. 1. Thoſe caſks that are moſt curved, ot bent,” 
are conſidered as the middle fruſtum of a ſpheroid, 


which is repreſented by the outer lines of the following | 


figure, Viz. A 10 13 C 1215 . 

Var. 2. When the ſtaves are not ſo much arching, 
or bent, the caſk is ſuppoſed to be the middle fruſtum 
ofa: parabolic ſp indle, which is repreſented 10 the ans. 
A20 256 24 2. 

Var. 3. When the ſlaves arebut little bent, or curv- 
ed, they are reputed to be in the form of the fruſtums 
of two parabolic conoids Joined together at their great- 
eſt baſes, and is e by the lines A30 330 


3435. 


Var. 4. When the lines are ſtrait from head to bung, 


ſo as at the lines A 4 0 453 C4 445, then it is plain 


that ſuch caſk is formed of the fruſtums of two cones 1 


joined together at their greater baſes. 
In the practice of caſk gaging the officers of the ex- 
ciſe are obliged to follow one general method, wherein 
they ſuppoſe that a/caſk may have the ſame dimenſions 
with reſpe& to its head, bung, and length, and yet by 
reaſon of the great or little archedneſs of the feake's 
ſtaves between the head and bung, the caſk may be- 
long to either of the four varieties; which is accord- 
ing to Mr. Everard's ſyſtem of caſk gaging, and agree- 
able thereto are the ſeveral varieties graduated on the 
lliding rule, in order to reduce each variety to a mean 
diameter, or that of a cylinder whoſe ary. whe and bus. cad 


city is nearly equal to that of the ca. 15 


And as the contents of caſks are generally found by 
the rule, and that being the teſt whereby all thoſe con- 
tents muſt be tried; I ſhall all along confine myſelf to 
ſuch rules as will produce the ſame content as though 

they were caſt by the ſliding rule; ſo the young gager 
may uſe which method he thinks moſt ED 
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. 5 U A E. 13 1 l 5 
. To find a mean diameter. e Af 
1. caſks being reduced to four varieties, if 1 | I 
multiply the difference between 3: 0 dung * 
e N when it is MONET Os > A 2 
ve "621 * 1 . 
By $361 a nl Vati " ; | 
re. | 
Or if the diferenc eee the head. and a bung © 05 1.5 
Seed 6 inches, 1 Ter Farms Dal tet: It 


3 By] 


* add the product to the head diameter, then. that 
1 11 be a mean diameter, | | 


2. To find the content. e en TI uz 


Square the mean diameter, and multiply that favare dian 
by che length of the caſk, and the product multiply or 28, 
divide by the factors, &c, in page 57, and the product ing, 


or e160 AE will be 7 to the en of the . 
x Or, 45 15 125 * 8 . 


55 Art. i ix. CY vil. find Fes of th the mean di- 
ameter, which area multiplied into the Teagth kk * 
equal to 180 content of the W ö 


f 1 
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The figure of the four varieties of eaſks. 
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B 
35 2 8 | 
„„ on ff 
Letthe above fi gure repreſent all the four varieties of 
cafks, whoſe — diameter o @ is = 26.4 inches, head 
8 1 D=Bc=23 inches, and length x y = 
8,3 inches: to find the content in ale 23 ſu 
ing i to belong to all the four varieties. 
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1. For the ſpheriod, or uſt maine | 
Oyperation by the pen. 
Bung D. = 26.5 M. D. 


Head 2 = wt A =25 4 


| | Wh © | "1970 | 45 
210 508 


— Sq. of 


Prod. = 2-389 M. KR 645 8 


of E . 3 1 


228575 
516128 


1890 2 2 | 

vos 18258. — — . 

12282. 2 g8. 
e 
| 287240 


Rem. — 78288 | 


- By the rule. 1 
By abs, difference 3 the, diameters, 


Rs 35z look on the incor inches on 14 7 of 
the rule, 2 what 


line marked n number you find 


there, add to the head diameter and the ſum will be a 
mean diameter; as in this example againſt 3. 5 is 2.4 


- * 


— 


* bs » 
- 
4X 8 4-4 1 
h in & 


423 25 4 = mean diameter, as before found. 


Then the proportion for the content will be 
on of on c. on d. on cc. 


As 18.95 : 28.3 :: 25.4 : $50.8 Cont. in x ale 


E Length. Mean. D. t. galls; 
p hus 


ads againſt it on the 


5 
. 


& . ; Caſk: gaping. 


| Thus the conteny found both pen and rule 1 is the 
ſame, viz. 50.8 gallons, which — neareſt to 5, may 


be called 5 T gallons ;. and ſo much would the eaſe com 
rain if it were the fruſtum of a ſpheriod. 


| © 
ck 


1 F or. the middle. fruſtum of a parabolic wine or 


that of the 2d variety, 


Ws: 69: Operation dy pen. 9 
Dig of) Mean D. 3 e 
Diems. =35 „ IE nn He 
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- 359951179 ess = cont. in 


279535 lle gallons. 


| Rag” +0 19132 
| By the rule. | 
With the difference of the diameters look on the line 
bf inches on the edge of the rule, and whatſoever num» 


ber ſtands * it on the line marked ad Variety, add 
to the head 


meter. 
In: this caſe the difference is 3.55 
tho line marked 2d Variety is 2:2 nearly, which added 


ben diameter = N n 
— 3 mean 


iameter, and that ſum will be a mean dia» 


againſt which on 
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25. 
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Then the proportion for the content will be 

Ai on o. ond. on. c. the 6 

1 As iin, I. FOE 
2 Gage-pt. Length. Meg D. Content.” | found 
Thus the content found both by. pen and rule is the 
| Feb viz. 50 gallons, and ſo much would the caſk 


contain if it were in'the form of a parabolic n n- 
ed the 2d variety, 


3. For the fruſtum of two ee omit; or 3d 
variety of caſks, 


Operation by N 
Diff. of} _ Mean D. 1 1. 
diams. =35 "nearly | n 
EEE = EIT 


V 


25 5 1 996 
Prod. = 1.9 3x3 a 


K. 5.823. * $9. of = 620.01 
M. D. 24.925 Ln =; Miz. 
Ls N 186003 
496008 
1 12402 
5 359.05) 7545. 283(48.8 = cont. 
E in ale gs. 
31828 ED, 
287240 
. 311883 f 
. — 
8 | Remains | 2443 
VB cĩthe rule. 

With the difference 6b diameters look on the line of 
inches on the edge of the rule, and whatſoever number 
ſtands againſt it on the line marked 30 Variety add-to 

the head diameter, and that ſum WI be a mean _ 
meter 8 
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In this caſe the number ſtanding againſt 3 5 on the 
line marked 3d Variety is 1.9 4 23 24. 9 mean diame- 
ter, as before Wind. n the nen for _ con- 


tent is, pl 
on v. 03 6. | r e ; | 
1.5 28.3, 24% a8 before 


Gage-pt. Length. M. Diam. | nn: + 1 found: 
| . The content found both by pen and rule agree very 
well, for they both may be called 2 gallons, that be- 
ing the neareſt even gallon; and ſo much would the 
caſk contain if it were in the form of the an of 
two parabolic conoids, or 3d variety. 
For the fruſtum of two cones joined roger at 
"thei greater baſes, called the 4th variety. 
Operation by pen. | 
Diff. of ak N. diams. 4s „ 
diams. _y IF. 7 
Factor = 5 | 12375 
FÄ 1732 
HDA 9900 
M. D. 24. 1 11 
Square of f mean diam. 5012 7 n 
i N : 


-_ 
1 
* 


3 n 

4 i , 49905000 - 5 2 1 50 
5 ; e i 143 vo * 
| esp: 58 Steeg = 1 

e 143620 in ale gallons. 
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„Wich ebe * of diameters look on theline ef 
| Inches on the other edge of the rule, and whatſoever 

number ſtands againſt it on the line marked r o, add to 
tber handhdiameter. whoſe ſum will be a mean diameter. 

In this caſe the number ſtanding againſt 3.5 on the 
W F. C is 1.77 nearly, which added to the e di- 
e e the mean diameter. DE a1 5 


T ̃ ben for the content the proportion is pad bh 


RET on o. 4 —_— == lodecuty + 93 
ol ag: FJ 3-= content. 

Ale — Length. M. Jam. Content. 11 
point. 


The content found doch by! pen and rule is = | 
alike, and may be called. 48, becauſe it is the near 
even gallon. R 
In like manner might the content of che Several va- 
rieties have been found in wine meaſure, if inſtead of 
_ dividing the product of the ſquare of the mean diame- 
ter, and the length of the caſk by the ale diviſor = 
359-059 I had made uſe of 294-12, the wine diviſor, 
the proportion by the rule for wine gallons 
would be, as the wine gage-point on D is to the length 
of the caſk on c, ſo is the mean diameter on .D to the 
content in wine gallons'on-c. - 
As for example, If the content of che iſt variety 
was required in wine e the * is 


„ 

As 17.15 : 28.3 :: Af. 2 : 61.1 = wine galls. 
W. gage- We tacks M. tam. Content. 

point. . 


— 


And in this manner may the content of the other | 
three varieties be dean wine gallons. 


= 
5 * 
: * * 3 * 9 

| R * * 5 8 af F * 
— 4 : pg 


£74 48 A 


ART. 11. 


To find the content of a caſt ſirpafed to belong to al the four 
Ih: ohen the- i 75 the bead bead and ou! . 
Nr , ul er e N eee, N 


& * 1 
. at \ : 
% l . * 
\ \ 


3 e berg deer t 5 inches, tions: 
diameter = 31.5 inches, and, the length = <= 42 


inches: to find the content in Us! ene in all the 
four varieties. 


-— 


OPERATION. 


Bung diam. 31.6 
Head diam. 24.5 


— 


Diff. diams. 1 bes 229˙4 
. Mean 
nner +. X,57=28. 49 diameters. | 


167 2 : base E AK Hi 7 S828 14. ” 
4.407 Which & f 101 09 J Contents of 
Tru 2.339 (by 42, the] 98.23 ( ſeveral vari- 
Ds. are 2.261 (length of } 94.96 (eties in ale 
5 2.206 thecaſk=T 92.65 gallons, 


Tue contents may be found by the ſliding rule in the 
fans AGATE. * thoſe were in the laſt article 


*% > * 
2 eva 64112 21 


* 


8 5 R Ts: 11 L 
To fd 1 content of all the varieties of caſts another "7 


> EXAMPLE. 


LET the caſk be ſuppoſed to have the fame dimen- 
ſions as that in the laſt article: to find the content 
in ale gallons in- all the four varieties. | 


Hy 


4 * m_ — 8 — * - * R l 
— . . ——— . TIO” LT — , * 
* * * wan each] * To * _ mM * >, ow Y — . hs "> 
1 - ; N £25 | 2 * * * $ * oy ; 


* 


„of Caſk gaging. 


Which OP. by the Inch. = = ba 42 


FFIns. * by length= 42 


5 For the ſpheriod, or iſt variety, 
ik e 


' To twice. the ſquare of the bung Aeg add 92 | 
* of the head diameter, and multiply this ſum by 


the length of the caſk, and the product divide dy 1077 


(= 3x 359, the circular diviſor for ale gallons in page 


37) and the W will be = =to thy. Company: in ale 
Dag | „ 


Twice the 2. of the 


bung diam. 1.5— E = 9 . 
et of hea "diam. 2 24. 5= 600 25 | 
— PUR } b be 


A 


8 10570708859 50 ae Cone. 
If 74 product of the ſum of the ſquares and length of 


the caſk were divided by 882 = 3 times the circular di- 


viſor for wine gallons in page 57, the quavent wagld 
have been = the content in wine gallons. - | | 


2. For the 2d variety of cafks, 7 


To the ſum and half ſum of the ſquares of the head 
and bung diameters add three tenth parts of the dif- 


ference of the ſaid ſquares, and this ſum multiply by 
the length of the caſk and that product divide by 107: 


and the quotient will be = to the content of the ca 
in ale gallons. 


OPERATION. 


| Square of B. D. $1.0 = $02.25. Diff. ſqs. =" 392. 


Square of H. D. 24.5 = 155 25, rs of diff. = 39.2 
Sum of Je 2 1592.50 3 


Z Sum of ſquares = 796.25 gar FT 6 
2 of the dif of ſqs. = 1 117.6 _ 15 


eee 


* 7 
"EI 


* 


1077)105266.7(97. 7 = cont. in ale gs. 


5 8 : I * * 
* N 2 {4 ! : 5 , 
PY 8 "; 3 99 U 
Of Caſk gaging: 


3 rener third variety of caſke; Hef 
3 RULE. 4415 
To the ſum and half ſum of the a of the head 
| and bung diameters add one tenth 4 the difference of 
their ſquares, and this ſum multip| y by the length of 
the 659 and that product divide by 3 times the eir- 
- cular diele 3 in page 074 z the quotient will be equal. to 


the content of the caſk of the acme denomination as the 
diviſor made uſe of. | | 


; OPERATION. ; by 


Square of B. D. 31.5 =992.25 Diff. aka 2 292. 
N Square of H. D N en 1 of di 39 
Square = 39.2 


Sum of ſquares -.._ = 1504.80 
A Sum of ſquares = ALS 
15 of ws of ſquares = = 39-2 


88 — 2 2427. 998 
Wien * by length = „ IVES TH 


1077)101973- 904 75 = cont. in ale 
4. For the 4th variety of caſks. 
a N : R U L E. 5 | 
From the ſum and half ſum of the ſquares of the 
hubs and bung diameters ſubſtract half the ſquare of 
the difference of the diameters ; then multiply the re- 
mainder by the length of the cafk, and the product di- 
vide by three times the circular diviſor in page 57 ; the 
quotient will be equal to the content of the call of the 
ſame denomination as the diviſor made uſe of. 


5 + 
o * * 
* 
* Lo 4 * 4 * . > f \ 
A « 4 -” - l 
% * 4 . 4 
_ — 
— 5 
o - 
( ; ; » 3 n Ps - 
x 1 ; 4% £3 — 
oo — < * k w 

: : 1 "EW 4 £ . 

. 3 ; 4 L ' © OK 4 . * f : ” 
! A ; 7 | 

„ 5 8 8 


; 1 . * E K A T I LON, . 
juare of 31 5 = 992.2 am. = 31. 
beef . D. 24.5 OO. 25 H, diam, = : 5 


2 
aum of „ * 1592. 50 Di , of diam. 7.0 
i deain 25 796-25 . „ 
gan . ne, a” Aff. 49 | 
tf. 2: eee 24-5 - 4 a of lik. ve 


| Remainder —— = en | 1 a 
Which x" by length 


* ee te ee Sons 


 1077)992g8 :5(92.2 = content 2 ale 
Ons. 

| T he ſeveral contents thus found agree very well Gith 
thoſe found by the former method in the Jaſt article; 
ſo either rule may ſerve for the finding of the content 
of a caſk belonging to any of the four varieties by the 
pen. But the fliding rule is preferable to either, be- 
cauſe by that the contents are found with much more 


_ eaſe and Expeditions and near e the truth in 
. TE 


1 — 


* S 2 1 Sr ”" + PI "IO TRIER PREY” * * * „ 
n 8 


A R 1. IV. | 
To Be n the riad by the 
Fe wil he bop of 27 


vr ictie. N 
| BR U L E. 
GET the length of the caſk on c. 


. 13.8 Ale N 
to . tor Wise] Gallons © on * 5 
H hben ſeeks for the bung diameter on p, and note the 
number againſt it on c, which double; then ſeek the 
head * on 228 and note the number _ it on 

c 


OY 29 9 .ͤ—̃ũʃ 2 — — —— — 


ot ca gagin gg. 255 


e which number. added to double the other before 
found will = the content of the caſk in ale or wine 


gallons reſpeAively, 

19.11.35 30 EXAMPLE. # | 

Let the denden of the caſk be the ſame as that i in 
the two laſt articles, vi. head diameter = 24-55 ind 


diameter = 37 5, and the length = 42 inches: to 
the content both in ale and wine gallons. 


5 1. For the content in ale gallons. 


Set 42 S the length on c to 32.8 on o, then againſt 
the bung diameter = 31.5 on D is 38.7 on c, which 
doubled = 77.4; then ſeek for 24.5 = the head dia- 
meter on D, and againſt it is 23.5 on C, and 77.4 + 
23-5 2100.9 = the content of the caſk in ale gallons, 


which is very near the * as found by the former | 
gabe. = ; 


2. For the content in wine gallons, 


Set 42 = the length on e to 29.7 on D, then apainſt 
the bung diameter 31.5 on D is 47.2 on c, which 
doubled = = 94.4; next find the head diameter = 24.5 
on p, and againſt it is 28.7 on c, and 94.4+ 28. 7 =. 
p 22: .1 = the content in wine gallons. 

his is a very uſeful rule for finding the contents of 
the iſt variety bf caſks, becauſe it may be performed in 


25 time this way than by the line of varieties on the 
ru e. f bs. # +4 


5 


A 3 | DOT 2 6 1 — 
; f ks 'A R 12 V. x 
7; fond the content of. a caſt without regarding the 210 at 

l, by having „„Cͤ” a ge: ve pn 
in the middle between the head and . of the 


sro length 0 of the ca "" 7 * 5475 ; 
6. Al 79 9 5 
* 7 {fot} e 4 de} Gomes on b. 


% 
- 
— 


dle diameter required. 


N ITY TY” rn en 3 at Co S Pd M2» n " PR 
: N * 3; by F SF . R 4 4 CF Ones. 2 £ 
R Po. 9 74 Sa. Bb WEE IR" - N * * * 2 7 
; R CHILE] 8 * . 
- C * 4 J 9 ＋ * 


et n eee 
Then find the head, bung, and middle diameter en 


D, and note the numbers againft them on c; then, if 
to the ſum of the firſt and ſecond of theſe numbers there 
be four times the third added, that ſum will be equal 


to the content of the cask in ale or wine gallons. There 


is one difficulty ariſing from this rule, viz. the finding 
of a diameter in the middle between the head and bung 
of the cask. But this may be effected by a plumb line, 
according to the following directions. . 
1. Get a ring juſt to fit your gaging rod, ſo as to ſlide 


: up and down at pleaſure; file a ſmall notch in the in- 
Hide of the ring for the line to move freely up and down 


with the weight of the plummet. 2 

2. Put your gaging rod into the bung hole of the 
cask, and meaſure the diagonal h a, (ſee the following 
figure) which' ſuppoſe = 35.6 inches; then take out 
the rod again, and fix the ring on it at 17.8, equal te 
half the diagonal, as at O, and-put the paging rod again 


. Into the cask, with the plumb line running through the 


notch of the ring till it juſt touch the fide of the cask - 


at e; then holding the thread cloſe to the rod take it 


out of the cask and meaſure the diſtance © e, that is 
the length of the 1 ne from the point of ſuſpenſion. to 


tze extremity of the plummet, which ſuppoſe = 16.7. 
This reſerve. | | ” 


* 


* g- From | half | the | bung diameter ſubſtr act one 


fourth part of the difference between the head and bung 
diameters. The remainder ſubſtract from the reſerved 


number, and this laſt remainder double and add to the 
head diameter, and the ſam will be equal to the mid- 


* 7 7 

© 4 * a G 
-— 
_ * = + % 2 . F4 5 * 2 7 


1 a 3 11 + 3 


— * — 
K 


|. : vhs triangles abo and a On being fimilar, therefore when b © 


is half of ab, au will be half of ao, let the bung diameter = n, the 
head diameter = n, 4 the length = L, and the difference of diameters 
=x; then L: 2 — II: : 4T: 12 —- IXS O, and O- 
== i and 2 ve+n = the middle diameter, | — 


- % * 
1 1 * 9 F " k F ; : > + ; 8 # ö ; . 
y 4 * 7 E 3 ” 4 . . F 1 - : - 
: > 1 a 5 * : * 
* 4 7 g — 
* f: ; * 8 $ 4 
F - 
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— 1 1 * 4 7 $ ns 1 ö 1 4 
x * : 4 1 « ” * * a | ? 4 F 9 5 
- — %* 
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- * 8 2 , « » A 4 
7 * 7 * 9 1 * | 
hy N £ 2h Bit. ** 
N F I Co : . 
8 Bae 
*g , , SEIC195 0998009 0x 66 00. + Vod52 21 p 
d * . — #4 g * 4- ” © * — — n rr 2 
: — * Y | * p : 2 | 
. : | £ 
Ry : 12 
* 2 + \ v . A * 1 
89 © 1 * 4 * Py * N 2 
: 
* } = my 2 F 1 
1 15 4825 ns $440 f * 
5 12 22 * 172 23 
N 4-4 1 R * +3 a9 
' = £ ark 2 . = 
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EX. A NI p L E. 
Suppoſe the bead diameter of the cask above = 24-5 


inches, bung diameter =31.5, and length = = 42 _— 'Þ 


* 


to find the content in ale gallons. 


anti Has "OPERATION. | 
2 Bung diameter 31.5 15. 75 B. diam. >= 31:5 


+ of diff. of e — 1.75 | H. diam, = 24:5 5 


ft Remainder — * 1400 Dif — ae 
Length Oe found 10 7 1 Diff. 2 75 


2d Remainder! . 2.57 [03.3 - © Of 
N 2 * N = 4 CA E 
242789 3 e 
! . Sur ES 1 in mis. es 14 7 1 
SN; | | "el eit 2618 ie 21 111 4 
Double the laſt rem. = 5,4 f ; 


bony . bc} = 4 "a 5 


Ry IEP 74 11213; 263 Nodes 


71 hem "i the ns. e 


Set 42 on c to 46.4 on b, then apainſt the head tia 
m_ 24.5 on D is 11.73 on o; againſt the bung dia- 
meter 31.5 is 19.4: and againſt the middle diameter 


299 is 17.44, Which 1 by". = 69.76, and 


ry 


2 | EY: + EP] : 11.73 


— 


7.0 


rr Rr * PT 


2 


| 11.73+ I94, +69. 76 = = 100. 89=the content of the 


cask in ale gallons. 


* gaging. 


6 „ 
4 


If, inſtead of ſetting he . of the cask to 46. 4. 


1 had ſet it to 42. then the content would have been | 


found in wine gallons. 
This rule is univerſal for all forts of bulged pals. 


let their form or variety be of any Kind whatſoever. See 


Mr. Shervcl 8 in e 22 e. [ot 
of. abs e: page 220. 0 


VE N e 


9 — — - WE 


$568 ART. N © 


To find the content of a ſpheroidal caſk, by Joving the length 


of the diagonal line given, without knowing the dimenfions 
of # the head, bung, and Hength at all. 


F. By. the Branan's 8 * 


caſk ( ſuppoſing it to be in the middle of the cok! 
till the end of it meet the interſection of the head, an 
the ſtaves on the oppoſite ſide; then on that part of the 
rule held in the center of this bung hole on the dia- 
gonal lines is the content in ale and wine gallons. This 
is ſo eaſy that it requires no Example. 


py 3 » « 
: : 
8 


e By che lines v and x vn the rale. abs 
Set 30 1 ' eine e an: 


WINE {ole} Galom ons... 


Then 1 — Diagonal on Þ is wy — 
E in ale or wine gallons reſpeQively. | 5 


38 1 


EXAMPLE. 


914 


Suppoſe Fen length of the diagonal of a a es 28.8 


inches, what will the content be both | in: ale and wine 
Om” 
r Proportion f for ale i gallons, 5 
ev. on R. on. ont. oy be F 
$30 2 60:1; oh 28:8 | a Sale 83 ons. 
* 1 Cant. 5 er 
7 0 > {4 ; . K. Pros 


% 


pur the Branan's rule into the buny 1 of "TY 


x 


fo. 


Of Caſt being - Tg * 
34. . Proportion for wine 1 


on E. on D. 


72 28.8 N run. 


-Ontent. Ding... Content. 
5 By the lines p and c on the rule. 
length of the given . 28 of the cagk on 0 


; to 5 for Tn gallons on D. 


Then againſt that diagonal on v is * content 8 Cc 
in ale.or wine gallons reſpectively. | | 
5 EXAMPLE. | 
bs the diagonal = 28.8 inches as before: tofind 
the content of the <ask in ale and wine gallons, 
| Proportion for ale gallons. 
ett D, on. ont one. | 
As 21.2 : 28.8 :; 28.8 _— =in ale gallons, 
Gage-pt. Diag. Diag. ontent. 985 
2. Proportion for wine gallons. 
on D. „ on D, on . | : 
As 19.2 : 28.8 :: 28.8 : 65. wine gallons, 
Gage-pt. Diag. Dig. Content. 1175 
Thus the contents found either way are the ſame; 


as alſo by the Branan's rule, for. againſt 28. 8 on the 
line of inches there is placed ; 


ee Jen ON 


ta 


—— * 


ART. [oe 
vas TOES > wana 


W. I'TH ſome convenient inſtrument take the length 
oft the cask within the * and alſo the top 


7 
- 4 . » 7 


160 Of Caſk gaging. 
und bottom diameters ; then oy" Art, iv. Chap. viii find 
the content. 

Or add the top and bottom diameters together; and 
take half that ſum for a mean diameter, equal to that 
of a cylinder of the ſame height as the cask; then by 


Art. it, Chap. viii. find the content, WT will be 
Near enough! in practice. 5 


EXAMPLE. 


Let the following figure repreſent the cask; whoſe 
op diameter A B = 28 inches, bottom diameter. Dc 
= 20 inches, and the length 0 a 30 I to od 
the rqarent in ale gallons. wh, þ 


A Conical 8 3 Gt 


0 P- E R A TIO N. 
6 By the rule. | 
AB = 28 8 on p. on c. | 
p =29 As18.95, : 30 : : 24: 8.1=ale gs. 


— Ale gage- th. Moen tent, 
Sum = 48 point. . 
2 Zum = 24 = Mean. of 
Tze content thus found is MY ale gallons, which; 
wth the mean diameter and length, I have put into the 
——_— of a tha ha exhibited 3 in 880 xiii. 


+4 ©, 2 42 x 3 a? 7 1 7 7 * ** : be Wh r 4 5 27 
©: | 3 1 ; CO © SES Wo MSN e Von H. 
i, ” 4 2 5 4 / - # 
1 * 4 * 1 1 4 D ? £ * 2 S ? * 8 » g . 7 % : * 
! ” - #4 3 & 8 N 9 ** of : N 3s 6 2 - 1 £ b * # 7 
” 1 5 


CHAP, Xn. 
: Of ullaging. 
- "DEFINITION. 


U LLAGING of casks is the finding of the Va- 

O  cuity of a cask that is part full and part empty : 
or, which is the ſame thing, the finding of the quan- 
tity of 1 that is in duch cask. 


3 1 T  F * Fas W J * K . "os 7 * 3 7 mm.. 
4 s ? 5 N 


. R 0 
To ullage a "RY 8 the lint of ta on the rule, 


| having the _ 6 wig mw ine ao and {oe rene ad, 
* caſe vg "IM | 


A 7-7 #$ * 122 


* 

"© , - -* F * % 

P # "'# * = 4 6 1 5 'L E. ; 4 
— 2 5 & F 5 N 


857 the 2 R on c to 100 on 1 the. line 
,matked 8. ly. or Segments lying ; then ſeek the 
"wet inches on C, and obſerve what number flands 
againſt it on the ſegments, which call a fourth number. 
2. Set 100 on A to the content of the cask upon By 
then againſt the fourth number before found on A is 
the quantity of liquor in the cask n s. 


T 


Let the following figure repreſent the lying 1 
. whoſe bung diameter = o= 25 inches, and wet inches 
=io=trr inches, and content = 48.3 gallons: to 


find the quantity 'of 1 xi a Pop or the _ eb. 
5 JJ 1 2 Fi {FF C3110 JED WE 1 2 tis Fetten. 6 12 i - 


31 f 
"= Erin 


* 90 
| ö 
0 
\ of ullaging of Caſks, 
{ 
. A Lyn Cor. 
W * . Os 4 a *. . 9 P #- 
To. — e 
e ee , 
; "= : MS: E » . | 
| / eto 8 2 : 
Ws : - 2 Fes 
© n a 
» KF, ö 1 N e 5 ri 
a . 1 { 
* —— 
fi z 1 ow * 1 


PROPORTION. 

on c. on S. I. on C. on S. I. 0 *. 
I. As 25 : loo :: II. 2 41-4 = 40 pe 
B. diam. 0 Segs. W. ad. F K Wire! 
on A. on g. on A. $ on . 9 


2. As 100 : 48.3 2: 20 = 8 of 
Segment. E Leonie, t. | Cont. liq. in cask. 


But if you wanted to know the vacuity of the cack, 
or what it wanted of being full, viz. the part 4 h 5 d. 
a, then, inſtead of making ule of ou wet W Us 


Lo dry inches. . 8 
N 4 G 
god aa net e ase 1% 


on c. | on 8. 1. ee whe ers, b pl 9 90 
I. A 25 300 ; 0 .2=4th num. 
B. diam. Segs. ; "Dry inch. _— 
on A. on B. | : * on B. 1264 | 
2. As 100: 831+ : p78 1 +} . Vie. of 
Segment. amt. 1 _ Cask. 
This laſt ſum tins) added to the quantity * liquor 
in the cask, viz. 20 ＋ 28.1 = 48.1, which is but two 
tenths leſs than the content of the cask. 


— 


55 > aan 


_ 


— 1 


—— I Bae 

To b a . „) be le of frm 

| at of 4 of 3 nne 4 . 
tent of the ca E given. 7 1 


, * 1 ” n % * . 
? U « 4 x = 4 £ , +. % 4 5 * * > * 
o * 


R U LE. n ir 


Sur, the length of the cask on c to 100 on the line 
marked il. or ft. or ſegments ſtanding ; then ſeek 
the wet inches · on c and /obferve. what number ſtands 
| againſt it on the ſegments, Which call a fourth number. 
2. Set 100 on A/to the content ofithe cask upon B, 
then againſt the fourth nuaiber before found ee : 
the quantity of.liguor.inthecask upon ß. 
VV ai den 
Let the follow in figure repreſent the ſtandin elk, 
whoſe length 5 v wi Fre. l wet inches vs pi 
1 4 5 and content a 48.3 gallons: to find the daun 
er in it, or che paft a4 b. 5 


A STANDING Cars. 


; PROPORTION. ic . 

on e. on ſl. on c. on fl. (99303 ee 3d 

1. NS 30 nn © ce 35-2 = 4th. num. 
e  Segmts. W. inches. 8 . 

on A. 


be * F 


ad ** 5 n 8 * * * > - : 
tia. % E V3 Tu * , * : \ Satin ho a * „ * * . a . 
74 en * * hay * 5 ä bs ee * 7 Ss + N » MEI 2 r N "Ty Cpt nat. 4 ON 3 * 8 * — 
A; A Y \ * 1 9 18 7 p = » . 93 4 SY * x * - „ R A * 1 * _ 
* 7 7 1-548 h f bo . 2 2 5 9 0 . 7 * DOI” 
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4 ; „ a Ts 2 
"0 0 * * 2 4 4 4. * a 5 1 2 £ 4 WC 5 4 


on A. on . on A. on B 


2. As 100: . 17 = quantity of 
Segment. Cont. Segment. Cont. liq. in cask. 
But to find the vacuity of the cask or the part AU 
e a, the proportion will ſtand thus 
on c. on ſſ. on c. on ſſ. 45 
1. As 30 : 100. :: 19 : 64.3 = 4th numb, 


<0 2 A. | * 5 5 on A. 1 On B. TH 3 #2 1 
The quantity of liquor in the cask = 17 +31 = the 
vacuity = 48 gallons, nearly equal to the content of 
the cask. | z © BE SN OY FS 
The difference between the ſum of the ſeparate parts 
thus found, and the whole content of the cask, is oc- 
caſioned by the line of BR being adapted to one 
particular fort of casks only: which is not very mate- 


> 


rial, and may do well enough in practice. 
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To ullage @ lying caſh by the pen, having the bung diameter, 
wet inches, and the content of the coſt given. Wk 
1. DIVIDE the wet inches by the bung diameter, 
and if the quotient be under „F500 ſubſtract a 
fourth part of what that quotient Wants of , 500 from 
the quotient, and the remainder multiply by the content 
of the cask, and the product will be equal to the quan- 
tity of liquor in the case. 3 
2. When the quotient of the wet inches divided by 
_ the bung diameter exceeds ,500, then add a fourth part 
of that exceſs to the quotient, and that ſum multiplied 
dy the content of the cask will produce the content of 
the iiguor in d .. 
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Let the dimenſions and content of the'cask be the ſame 
as in Art. i. of this chapter, viz. bung diameter 25 
inches, wet inches = 11, and the content of the cask 


248. 3 49 81 to find the qunnticy of 57 in the 155 
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The vacuity of the cack may be found by dividing of 
the dry inches by the bung diameter, inſtead of the wet, 
and — the quotient edle to the foregoing 


rules. 


The content of the ullage found by the pen differs 
ſomewhat from that found by the line of ſegments on 
the rule. Which is neareſt the truth I will not take 

upon me to determine; however, the line of ſegments | 
muſt be made uſe of by the officers of the exciſe for 
computing the ullages of ſuch * 
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and if the quotient be under ,500 ſubſtract one 


quotient. _.. 

2 If the quotient exceeds de add one tenth part 

| of that excels above, 500 to the-quotient, then if the 
difference in the firflucaſe, ot the ſum in the ſecond be 

_ multiplied by the content of the cask, the product will 
be equal to the quantity. of liquor in the cask. EY 


EXAMPLE, 


Let the dimenſions and-content of the cask be the 
ſame as in Art. ii. of this chapter, viz. length = 30 
inches, wet inches = xx, and eee of the cask 
248.3: to find the quantity of liquor in the cask. 
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I 7,08 371 = content of liquor in cask, 
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0 IVIDE the wet inches by thelepgth of the a, | 


tenth part of what the quotientwante of, Soo from the 
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| This.agrees very.avell with the gn, found, by.the 
line of ſegments in Art. ii. of this chapter. If you make n 
uſe of the dry inches inſtead of the wet, and manage [| 
the quotient as above, you will find che vacuity of the | 
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« ARE the Ws 14 bottom RY r inches 
1 and the length of the. cask ; then by Art. x. Chap, 
vill. find the diameter of the cask at the liquor's To 
face; then having the top and bottom diameters, and 
the height of the ſictle fruſtum % dg p, the content 
may be found* by Art, iv. Chap. viii. which will be 
equal to the quantity of liquor in the-cask. But in 
Chad Lt need only take the wet inches, and gueſs 
2 mean diameter 'by laying.the gaging rod over the 
top of the cask ; and then find the content by the rule 
in dne n manner as ifiit were a cylinder, | 


"EXAMPLE.. 1 7 


h KP, the depthof theliquos e 12-5-inches, : 
uy I found the mean we ws 88; a nchen, what, is 
the content in ale galſons ))) 
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1 u kaserne gen, e, or bing ern. 
8: | Kan 
5 WrE a dimenſion cane, or 1 


inſtrument, meaſure the length and breadth of 
the ciſtern in ſeveral places, and in caſe you find any 


divide their ſum by the number of dimęnſio 
bf each; and "the quotient will be a mean ſen * or 


| the ciſtern. 


by the breadth, and that produ& multiply or divide by 
e factors, 22 for ſquare; malt buſhels in page 573 
and the product or quotient will be equal to the area, 

| Wiebe wien the di nenfions, transfer to the ſpecimen 
: of a dimenſior dEEXhibited in Art. ix. . en, 


Fit EXAMPLE... 5 
| Suppoſe the length of the ciſtern was e to hs 


5 depth = 36 inches: to find the ares at one | 
fix it in the dimenſion book,” PE by 
Length, = 114 „„ „ 
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variation add the lengths or breadths er {od 


r '&t = @ = 


ea and at the ane time take allo the depth of 
2. To find the area of the ciſtern multiply | the length 


1 8 inches, the breadth = 58. 5 inches, and de 
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1 . 
order to prevent any miſtake chat may happen in the 
operation by 1 0 eee ene | 


tion will ſtand chus. e BEAST ee 
on A. on. Aa. on g. | 

As 21 0.42 3: 1 3s 5 Zito w ve. 
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The Een Walke aFi both b e and 
rule, which proves the work to be right: therefore I I 
transfer the ſame, with the dimenſions, to the ſpeci- 
men of a_.dimenſion book in Art. ix. of this chapter, 
which was required. 
Note, if an depth taken i in this ciſtern be multiplied 
by the area, any. e product will * ** tothe content t of 
| the malt that is in it. | 
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„„ ART. I. : 


Ta gage and fix a ma Yer + round ates whether it be the 
Fruſtum of a cont, or part-of a Oe ere 
| . one ns the ot being cur 1 9975 2%. 2 
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aan convenient 8 n 
diameters between every ſix, or ten inches of 


the depth, according to the greater or leſſer difference 
of the diameters of the Veſler,. as was ſhewn'in fixing 

of victuallers utenſils. At the ſams time take the — 
2. To find the area of each mean diamettt, quare 
the - diameters and multiply or divide each ban by 
the circular factors, We. for malt buſhels in page 57, 


and the products or quotients will be equal to the ho 
verak areas — UN * 
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Adar the baſe =29. W trom the baſe 
_ the diameter '= 33 inches, and at 25 inches from the 
baſe the diameter 2 36.2 inches: to find the Pr ny 
. areas of the mean diameters in malt buſhellss. 
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In like manner is the area of 33 inches found to be 
= 40, and the area-of 36 inches = .48, as I have ſet 


them in the ſpecimen of a dimenſion book exhidited i in 
the ninth article of this chapter. 


- The proportion by the rule for the areas is, 
on d. on c. onD. on c. 


+ ; 


:: % il es. 
As 352.32 : 1 8 EE : +40 = 24 area, 
5.52232 + 13 2 : «48 = 3d area. 


Gage pt. Unity. D. . 


= all depths that are taken in this cillern muſt 
be multiplied by the reſpeRive areas to which they be- 
long, vis. If 10 inches or under by the 1ſt area, that 
part from 10 to 20 by the ad area, and from 20 to 30 
- inches of the depth by the third area, Wen added bog” 
ther will be the content —_ __ 
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* the ſame. 
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„Wirn a box and tape meaſure the length: and 
breadth of the frame, and with a gaging-rod 
take the depth of the malt in ſeveral places; then add 
theſe depths together and divide their ſum by the num- 
— wh depths taken, and the quotient will be a mean 
2. To find the content milz the lengths breadth, 
and depth together, and that product divide by the 
ſquare diviſor for malt buſhels in page 57, and the quo- 
tient will be equal to the content of the malt in the 


couch. 
bg FE XAML E. 


Brauppoſe the length of a couch of malt was found -= 
* 105 inches, the breadth 104 inches, and the dep . 
I S 20 inches: to find the content in buſhels. _ K. 
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10 find the content by thorule the proportion is 
% on M. on 1 7 on . 5 on Mos 1 
e ien: e = as beſote | 
Depth. 3 Breath. Cant. found. 


The common method of gaging malt in frames i is to. 
find the area of the frame at one inch deep, and to keep 
that area fixed in the malt book. Then the content 
of the couch is eaſily found; for if you multiply chat 1:3 
area wy any depth the e product will be the content. 
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V ; 
Te gage a couch of malt that is not in a frame, but u 

ſquare or oblong form, with one or more of its _ Jlaxting. 6 
3 JJ 
1 JF the couch is laid in the middle of the floor with ” ü ; 


doth the longeſt and ſhorteſt ſides ſlanting: then 
faſten the tape at the edge of the top ſurface and draw 
out the tape till it comes perpendicular over the outſide 
edge of the bottom on the other fide, which may be 
found by dropping of a few corns of malt and extend- 

ing the tape to the place where the corns fall from, o 

* as to touch the outſide edge of the bottom. 

. This do for both length and breadth, which diſtan- 
ces will be equal to the true length and breadth ; for 
the ſlanting part that is cut off on one fide will Juſt fill 

up the empty ſpace on the other ſide. 

2. If one of the ſides, or one of the ends are laid 
againſt a wall that is perpendicular to the horizon, 
then fix the end of the tape cloſe to the wall on the 
ſurface of the malt and draw out the other end till it 


comes Rai lay hol. the out de edge of the bot- 


5 tom; there lay hold &f the tape with your finger and 


thumb, and carry it back again till it juſt touches the 15 
F outſide edge of the top ſurface, with the other hand bt - 
KA tes the * tight over nne malt, and obſerve the num- 


ber 
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be equal to the length or brea the couch, 
Take the depth and find the eotitent according to 
* Cirections 1 in the laſt-article, which is ſo eaſy that 1 


ſhall paſs over This: article n ing auy ex- 


188 = 5 3 ff 
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1* ſome countries there are private malſters that Re 
ſo ſmall a quantity as four or five buſhels of barley ; 
and it is the common way of ſuch maltſters to empty 


| their ciſterns in the middle of the floor by throwing it 


all on a heap, whereby there is formed a little cone, 
and in that poſture they MS it for the,gager to take 
his bs ONES . 


RULE. 


6 With the gaging rod ſtrike off che top of the cone 
and make it level on the top; then take the depth of the 


couch in the middle and fix the end of the tape on the 


outſide edge of the top diameter, and draw out the 
other end acroſs over the malt till it reaches perpendicu- 
larly over the outſide edge of the bottom diameter, then 
that diſtance will be equal to half the ſum of the top 


and bottom diameters, which may be taken for a mean 


diameter, though not exactly true; yet it may ſerve 
well enough in practice for ſuch ſmall unt of 


2. To find the content of the couch, ſquare the mean 
diameter thus found and multiply that ſquare by tlie 
depth of the malt, that product divide by the ciręular 


_ diviſor for malt buſhels in page 57, and dhe qubgepe 
will be the content, - 


- But this may be found near enough the truth by the 
rule, and with much more eaſe and expedition; th re- 


fore I Mall —— 3 by the pen. 
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Suppole the depth of the couch way found to be = 


its content be in buſbels? 
1 Proportion by the rule, 

52 on d. on C. * "ale on c. 

As 52-32 : 6 : Gee bulk 
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ART. VI „ 
. and to fond the content of th fe. 


3. LOORS of malt are generally laidin a {ſquare or 
oblong form, with their ſurfaces uneven, that i is, 
* ſome places deeper than others; therefore with a 


gaging rod and braſs plate take the depth in Wore 


places, which ſevera] 8 add together nd their ſum 
divide by the number of depths taken, and the quotient 
will be equal to a mean depth. Then with a box and 
tape IT the length and breadth of the malt, and 


enter the dimenſions in your book. 


2. To find the content of the floor of malt: this may 
be found in the ſame manner as the couch in Art. iii. of 


tis chapter, both by pen and rule, and if the malt 


line marked M. D. is very good, by the rule itſelf, if 
the amount of the floor be under 200 buſhels, But if 
it is not true, and the floor be large, it will be beſt to 


- uſe both pen and rule for finding its content, __ 
ing to the following directions. 8 5 


1 e e e 
It the length or breadth of the floor be 8 215 
inches, then multiply the other dimenſion by the depth, 
and the Jn will be the content in buſhels. But 
you mu 


SE 
inches, and the mean diameter = 50 inches, what "Il. . | 


mind to prick off one figure for a decimal vhen 
d if there is a decimal 
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I the We of the floor be above 21 5 inches, then 


ſubſtraQ 215 from it, and the remainder reſerve. Next 


multiply the length by. the depth of the floor, and prick 
N or two decimals from the product, as in the fuſt 
To this product add the content of a floor whoſe di 
menſions are equal to the length and depth of the given 
floor, and breadth equal to the reſerved number, or 
equal to the exceſs of the floor's breadth above 215 
(which muſt be found by the rule) and the ſum will be 
ow to the content of 11 ert in e Dc. 


111 the breadth of the loa! he lee than 21 5 ziehe 


| 182 it from 215, and reſerve the remainder; then, 


as in the laſt caſe, multiply the length by the depth, 


* priek off the decimals by the firſt caſe; then from 


the prodye ſubſtraQ the N -of a floor whoſe dimen- 


ions ate equal to the length and depth of the given 


floor, and the breadth equal to the reſerved number, 
found by the rule) and the remainder will be IE to 


EXAMPLE 1. 


Soppoſe with a gaging rod and braſs 1 = 3. 
plate | took ten depths, and they were as 2 = 3. 
they ſtand in the margin, whoſe ſum =35 3 = 2. 
inches, which divided by 10 = 3.5 = the 4 = 3. 
mean depth ; and ſuppoſe the len of tha. £.= 4. 
| floor = 650 inches, and its breadt th 250 = <6 
For =o will the content be f in malt "1 = 3. 

| "Ib 
$14 9 = 4 

HI 1 15 22. 
1 Sum == 35. 
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= 2 3.5 680 : 1 = content tp. be 
As the rote how: Gand you may Drove yout-work } 

| for if, inftead of looking againſt 35 on A, ybu'loolt 
by aint 250 = the breadth on A, you will find 264.6 
3 On B = teas before found, which proves che work 
do be done right. | 


3 EX AMTLE II 
| 8 15 of a floor = S 7oo inches, breadth = 


| 200 inches, and the i inches: to find the 
| content in buſhels. 
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As the rule now ſtands, againſt 200 on A is 260. 

on 5 equal to the content in buſhels, as above found? 
which proves the work to be done right. L have given 
no example in the firſt caſe, becauſe it is ſo ' eaſy that | 
= EL be of no uſe, 
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To PT the content of a: of malt ( 3 the ande, 5 
given) will ut either ben e or rule. 


JF either the 1 or breadth 215 or 21.5 the 
other is the area, allowing one figure | in the ys | 
. two in the ſecond: caſe for decimals. Te 
: But if neither the length or the breadth be cqual 6 
one of the above numbers, but agree with any of the: 
e numbers, VIZ, | B „ 


Ts n {430 or 7 Tre 
; 645 or. 3 © 
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Which area a multiplied into the depth, will peer ve 
content of the floor, allowing for decimals in the pre 
duct, according to the foregoing directions. 
Theſe numbers are multiples of 215, viz. 430 mo 
* 2, and 645 gg, Cc. therefore may eaſily b 
remembered; and thereby the content of an floor er 
1 rh de found. aloft by N VEAL {HAIP 
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2. 171 it ſhould happen that neither the length nor 


the breadth agree with any of the foregoing numbers, 
Hut are nearly equal to one another, then you may 


- * take from one of them as many as will make the other 


equal to one of the foregoing * and multiply 
_ remainder by the multjplier belonging to the num- 


it was ared to, and the product will be equal 
_ 1 17 


3. If che length be double the breadth, what 


you | 
take from the tength muſt be but half added to the 
dreadth; or if you take from the breadth and add tothe 
length, 100 double the number to the length of what 


you took from the — and W in apes for 
any other. 
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1* order to find tbe roots of the leng hand breadrh | 
you muſt have the root of every bu * and _y. 


0 a of a buſhel, marked on . ; "which may- 


done by the help of the following table of roots; for "f 7 
: 2 the inches and tenths, as they ſtand in the column 
* 2 I mark the buſhels and tenths, as they 


againſt them in the column of roots on the tape, 


_ —— thereby find the root of any length or breadth 
from 23.2 inches to 700.2 inches, 


the ſquare root of 2150 42, the folid inches in a buſhel 
buſhel. Now i 


-of malt is Le which is alſo = to the root of r 
this number be doubled and trebled, 
li fe. you will alſo double and treble the roots; for Cor 
FX 46.3) is the root of one buſhel, then at 46:37 x2 = 
92.7 is the root of 2 buſhels, and at 46.37 & 3= 139-1 
"rag of SON? and * by continually add- 

11 ing 
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bee gend in the following mugidbe5- 
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| 9 f 46. for every buſhel; gain as many 
gs as LIK 2 8 even dae 10 the roots of 


. 5 he rot of a buſhel are gained by adding and ſub- 
133 - tradting one tenth of 46.37 to, and from that ſum fot 
5 evely tenth of a buſhe]. a 


Fx AUE. E 

1 * of 1 baſh. = Root of 1 buſh. = 46. 5 
| = 4.837 Ts of 46. 37 ſub. = 4937 
| Root & 1 B. = 51.007 Root of 9 B. . 74.238 

ö „ Wit 4037 

ö 1 of 1 1.2 B. = =55 2 Ribok of 8. 2 
ZZ 117717 ˙ 0 
a 9 hn Fr 1:3 B. = 60.281 Root of 7 =. 34.450 4 1 


| And thus, by continui the work, was ke! follow- 
ing table of roots completed. X 
ow by having theſe roots marked on the backſide of 
the tape, as they ſtand in the table, it will be an eaſy 
mute bp find the area of any floor of malt. | 
For it the roots of the length and breadth of the floor 4 
are taken with a tape thus marked, and multiplied to:; 
* gether, the product will be the area 'of that floor; which - 
| area multiplied. by the depth will produce tne content: 
dich a 4 be 89 * the Hoop W Tome” 39 
+: MPI. E. 


Suppoſe I found the root of the length of a floor = 
10 2 buſhels, and the root of the breadth = 3.3 buſhels, 
and the depth = 4 inches: to find the content. | 


10.2 X-3.3 = 33.66 = area, which Wa by 4 
= 134: 6= contents. in FR, mat 
„„ Ara 1 
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9 644-5 9 | 
B. 649.2 2 | 


3 44's n "TXT 
1 If table of 'the dimenſunn, aud content in cubic inches, 
F the flandard bibel, half buſbel, 2 and gallon, * | 
* e —_— water 3 þ 
3 A Table, 
3 Depts 5 
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Ab TW 8 Chapter contains the tables of rates "MON mea- 
BU ſures of all N) exciſcable commodities, very uſefu for 
1 the moneying of the goods, and NEUE out 1 the 
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„ — oy. © [avoirdup. | 
7 Fine 7) is 1 1 10-359273| 11.365602 
1 F jStandard bits 1 9.962625 10.930422 
Qaickſiver | 7.384471 8. eng 
JJ > 7. '* *F "5.08oo0” EEE res = - 
{ Fine filver . - 6.850035 = 
E Standard ditto | 5.556789 6. 35655 6] 
I 4 {Roſe copper 4.747121] 5208360 
a | {Plate braſs | 4:404273] 4.832116 
3 aft braſs: 4.272409 4.630300 
Steel _ | 4.142127 4.544505 
[ «. [Common iron 14937367 122685 
] 1=|Block tin © J 3 0312 1.58885 
3 Fine marble | : 429411 8859 
1 S Common my 25 1.36084 £ : — | 
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dllege bid ale 0.542227] o. 587048 
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Gravel „ 209. 25 10 
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29 2 Pump Water 12 28 | : I: 1 62.734 1 1 ©2112 3 bt” 
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« [Bay falt 54.062 54] 1 
. White. peaſe > 4 SOT... ] 50 : 8 
Field beans = Þ... $0-s.... | -$0-8 
Wheat of the beſt ſort „ 5 4808 
=” [White ſea-ſalt 5 0 * ; 43-75. | 43 12 
baer 4 | a1] 2 
he Wheaten meal unſißted 31. 31.0 
IMalt 2 months old 30.25 30 4 
[White ats 29.5 ] 29 8 5 
5 Rye. meal unſifted _ 1 1 28] © 


The proportion of the OFT avoirdu noiſe weight 

to the ſtandard troy weight have been found by nice 
experiments made for that purpoſe to be as follows, 
viz. that 151b. of avoirdupoiſe is equal-to 18 lb. 20. 

and 15 pwt. Troy; ſo that 140 ounces of avoirdupoiſe 


is equal to 128.75 ounces of troy ; which in the leaſt | 
terms in whole numbers is as below : 


1441b. of avoirdupoiſe = 1751b. of troy. 
1920 ·. of ditto —— = 17502. of ditto, - 
By theſe proportions any numbers of pounds or 
ounces of avoirdupoiſe may. be reduced to troy, and 


e contra any number of pounds or ounces of troy may 
be reduced to avoirdupoiſe: as for example, | 


In 28 lb. of avoirdupoiſe, how many pounds of troy ? I 
| : The proportion both by pen and rule is, | - Ml 
5 on A. on n, i 4. _ ON B, | ; 


As 144 „ 175 :': 28 3 troy wt. | 
Avoir „Ib. Tioy Ib. Av. w. 1 
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| on A. on n. ie e 
As 292 by: » 175c 2 >: I > 14. doe of ver. 
Avair. OZ, Troy OZ Av. oz. Troy OZ. YE; 

And in this manner may the avoirdupoiſe date of 


any of the bodies mentioned in the laſt table be redu- 


ced to troy weight. 
And on the contrary, by PIO RT: the firſt and ſe- 
cond terms any number of pounds and Ounces may be 


reduced from troy to avoirdupoiſe weight. : 


The chief uſe of the tables of ſpecific gravity is to 
try weights and meaſures; for oe owing how many 
inches are contained in a ſolid body we can find | the 
weight of that body ; or by having the weight of that 
body we can find SEE. many ſolid inches it contains. 


or example, what is the avoirdupoiſe weight of a 


Wincheſter pint of pump water ? 


The proportion is, as unity is to the tabular num: 


ber, fo are the ne inches contained | in a * 0 1 


its weight. 
on 83. on A. . e th on:: b*y | 


Ni: 8697 3525 : 20.30 * 1 6 
Vnity. Tab. ys: Sol. inc. S wo 


EXAMPLE II. 


| Suppoſe a certain quantity of Win weig ned Llb. 
4.0z. 6.38dr. in avoirdupoiſe weight, how f many eu- 


die inches are contained in that water? 


This is the reverſe of he mes therefore f the © pro- 
portion is, 


On As. 1 on Bo £ g On B. „ 


As. 578697 : 1 :: 20-3 ee = anſwer. . 
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5 EXAMPLE III. 


Ho much will a buſhel of wheat of the beſt ſort 
| weigh in avoirdupoiſe weight? 


PROPORTION. 


on . on A. on B. on A. lb. oz. dr. 
As 1728 : 48.5 2150.42: 60.356 =60 : 511 
7 Sol, incs, Wt. of Sole i ine. Weig ht of 
in a foot. foot. in a buſh. a buſhel. 3 ; 


In like manner may the weight of any other body 
mentioned in the table of Tpecific gravity be found; 
or on the contrary, by ie the 8 e 5 
find the ſolidity of that body. 
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CHAP. XV. 
1d. Of moneying of the ch. 


4 J N tide nl is ſhewn the proper Lf 0 of mo- 

neying the charges, or finding of the amount of 
any quantity of goods when the books are added up, 
and alſo the method of reducing of one ſort of goods to 
its equivalent value in that of another kind; in which 
are contained ſeveral uſeful and een mon. 
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4 fort way to money goods at 1 4. 5 1 per bound. 
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Cut off the right hand ſigure, which count fo many 


ponies and farthings, and thoſe on the leſt hand will be 
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"EXAMPLE." 
Quere the "Oo of 7691b. of faorp ckins' wt d.' 2 per 


pound ? IG 
OPERATION. 7 5 


7619 — 76 ſhillings, 76 halfpenct, d nine times 
10 farta 7 S8. . 


TN k . *, iy * oa 
s *Lop; d. , 


76 thillings '= 1 6 % F e 
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Divide the value of the 5, and to the quo- 
tient add its half, whoſe ſum will © the 5 9 


EXAMPLE, 


Bauppoſe the value to be 61. 108. 104. quere what 
the wake of the ſame will amount to? 


OPERATION. 405 


"It s. d. 1 
* 10 10 ; 15 
1 6 2 N e 
one half add © Ty: Is | | 


1 19 4-= ws duty required. 
Or che ſame may be found wy en the value 
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R UL E. 


Divide the given value of the goods by 5, 208 from 


the quotient ſubſtract one fourth part, and the remain- 
der will be the duty required. . 


EXAMPLE. 
Let the ralue be 51. 85. 4d. to find the duty. 


OPERATION. 


> 5 1 
Suhſtract & = © 5 


oO 16 3 = duty required, 


Or the ſame may be found by multiplying f the value | 
of the WOT I, =. 


» 


hy 


ART. IV. 
25 money goods at the rate f 181. per cent. 
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Divide the value of the goods by 5, and from that 


quotient ſubſtract half of its one fifth: the remainder 
ll be the duty required. 


EXAMPLE, 3 py 
Let the value of the goods be 53l. to find the duty, 


KA 0 PER. 
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| of the + = 1 T x 21 fubſtraſt | 
9 10 9} = | duty required. ; 


Or the ſame may be found by multiplying the value 
of the goons by. 18: thus, 


53 13 
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To find the duty of any number of barrels of » victuallers X beer 
at 88, per barrel. 


1 HI 8 may be performed ſeveral ways: but the rea- 
dieſt and quickeſt method of doing it is by multi- 
_.plying the given number of barrels by 4, and the product 
will be pounds, all except the units figure of the pro- 

duct, which will be ſo many two ſhillings, to which 
add the money for the firkins, if any, and that ſum will 
de equal to the duty of thg whole. 


Or it may be found by the caſh table in pages 206 and 


* 
EXAMPLE. 


- What is che duty of . 325+ barrels of vituallers X 
heer-at 85, per barrel. 5 


OPERATION. 


| By practice. | By caſh table. 
325 = given num. Bar. 3 
4 of barrels. 300 = 120 0 
7 3 8 o 
5 4 & barrels, -— ——_— 
130.4 | 325% — 130 4 

— — 2 — LED —— — 3 
A N T. . 


To fd the duty oa e 
beer at 18. 4d. per barrel. 
RULE 


To: the given number of barrels add one third of 
| that ſum, and, if there be any quarters, add pro- 
portionably for them: the ſum of the whole will be 
N to ena duty i in ſhillings _ pence, which red uce 


3 | in 


; poſe; which factor! is Tous. 1 in the eee manner: 


* N n 
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into unde. and it is done. Or) it may be found by 
the caſh table in pages 206 and 207. | 


A . r EXAMPLE. 


What will the duty of 295 Z _ barrels of viQtuallers | 
ſmall beer amount to at 18. 49. per barrel, Ge 1K 


Ma 
+ 


Aura OPERATION: | 
By practice. Buy the caſn tables. 
29s given number of barrels. Bar. l. s. d. 
98:4 2 of: N N 3 260621468 
e bartel. Mee VO. 
ee e RR "6 
20)3914: 0 5 | E 
4 19:14:0 = anſwer. * 2954 =19 14 © 


And in this manner may the account of the duty of 
any other ſort of goods be found, {if there be no frac- 
tional parts in the price of the integer) whether they 


be pounds, yards, &c. either by praQice, or by the caſh. 


tables in pages 206 and 207; which 1 is ſo ly that it 
needs no more I - 


"KEY. VII. 


To find the duty f any number of barrels 0 . brewers 
* beer at Bs, per barrel, 40 the allowance 4 2 f in 
every 23 barrels, 


| B reaſon of this allowance of 2 f in every 23 bar- 


rels there will be a fraction in the price of the inte- 
ger; ſo that the duty cannot be found by taking of the 
aliquot parts, as in the two laſt articles. But it may 
be found by the caſh tables for common brewers X beer 
in page 202 or 203, or by a fator found for that pur- 
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n 
The duty: of 23. barrels at 88 1er bene 2 
Nee W. out of 23 varzels 1 is 27, and was E 
a — 
| Duty of 23 barrels of C. brewers X „ 


| Then the proportion for the factor is 
. Barr. „ 3 
As Yay; © 8.2 1 35652 = Factor. 


Nov having found the Ne factor for C. brewers 
X beer, if any number of barrels, and quarters of a 
barrel reduced to a decimal be multiplied by it, the 
product will be equal to the 9 8 in pounds and decimal 
parts of a pounds 


EXAMPLE. 3 


| What i is the duty of 350 3 r barrels of 'comman brew- 
ers X beer at 88. * barrel with. the allowance of 2 
t barrels i in 23. 2130 VIS, £7 1 
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OPERATION. | 5 


3052 S factor for X. 1 
_350: $'= * number of bares. 


q 8 
Warren, 5 2 4 1 * C 


| — | I. 8. d. 


124; seco = = 124 19 * = the duty. 
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*. : mY WOK 2-0; A R 7. vu. . . 15 203 1 
| £3 ewe 
7 0 Ts fo the duty of any ame; of common . Mali beer 


. at 15: 4 d. per barrel, the allowance OA in every 


23 barrels. | a 


BY reaſon of this n there will be allo a Frac- 

tion in the price of one barrel; ſo there muſt be 4 

factor found for common brewers ſmall beer, as well 

às for the ſtron ve b Or the duty may be found by che 
r 


caſſi table for ewers ſmall beer in pages 204 and 


253. 


T: 0 aer is . in the allowing mmer: 


| I. s. d. 
The * of 23 barrets at 78. 4d, per barrel = -1208 


n — One, S 3 4 
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; | yg» pr 
The duty of 2 barrelsof C. een 1 
—APP , MTN 
Then the ere for the for i is 


Barr. 8 r = Barr. a \ Decimal of L. N 
h .05942"= factor. 


Now having found the above faQoe) for common 


brewers ſmall beer, if any number of barrels, and quar- 
ters of a barrel reduced to a decimal, be multiplied by 


it, the produ@ will be equal to the duty in pounds and 
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EXAMPLE. 


decimal parts of a pound. 


What will the duty of 345 + Barrels of common 
| brewers ſmall beer amounpto at 18. 44. per barrel? 
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„„ n of barrels. : 
_ «05942 = factor for ſmall beer, : 
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The at the able for C. Brewers X beer: 
1. If the number of barrels and firkins are under 23, 
ſeek in the firſt column above for the number of barrels, 
and for the firkins, if any; at the head of the table, 
and at the angle of meeting, you will find the duty in 
pounds, ſhill. pence, farthings, and 23d parts of a farth. 
2. If the given number of harrels exceed 23, then 
ſeek for the neareſt leſs number of even barrels on the 
next page, and ſet them down with their duty; then 
ſubſtract this neareſt leſs number of barrels from the 
number given, and ſeek for the duty of the remainder - 
in the above table, which added to the . will be 
th equa. the f of the whole. 
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Required the duty of 745 Z barrels of 0. Brewers X 
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OPERATION. 


Given number of barrs. = 745 Ks fa . | 
The neareſt leſs No bars. 736" RE Son! 7M 


The remainder —— = 94 men > 3 78417 
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The Fee of the call re Berware fnktt beer. | 
1. If the number of barrels and firkins are under 23, | 

look in the firſt column above for the number of bar- 
Tels, and for the firkins (if there be any) at the top of 
this ſide; then at the An ngle of meeting you will 7 
. the exact duty in pounds, ſhillings and pence, far- 
things and 23d parts of a farthing. 

2. If the given number of barrels exceed 23, then 
ſeek for the neareſt leſs number of even'barrels on the 
next page, and ſet them down with their duty; then 
ſubſtract the neareſt Jeſs number of barrels, Ce. from 
the given number of barrels, "Tc. and with the remain- 
der (if any) ſeek above for their duty, as in the iſt 
caſe; which add to the former, and the. ſum will be 
equal to the duty of the whole. | 

What is 2d weiber ag g 

at is the dut of 453 barrels of C. rewers 
ſmall beer? 11885 OF E R- 


mm 


* x 2 he Mons, + 2 Barrel in 22222 Barrels 
EGAN: 1. 
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Given! No of barrs. — 345 52 L. 5 |; >; 
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8 208 of reducing of Malt Baſh, EY 


nd ART. IX. W : 
1 nd the ; buſhels wb ds in "Wy ct) fern or 
1 * we of and * to neat buſhels. 
T H E dutyon every Wincheſter buſhel of males 6d. 
and it is ſuppoſed that barley after it is firſt wetted 

or ſteeped in the ciſtern, and ſtood there its proper 
time, and from thence emptied into the couch, and 
lain there about 30 hours, riſes or increaſes to about 
+ part more than it was before: therefore 4 buſhels in 
every 20 are to be allowed for that increaſe. 
5 But when the malt has been out of the ciſtern above 

2 30 hours it is deemed to be a floor of malt, and it is 

_ ſuppoſed that a buſhel of dry barley thus wetted and 
ſteeped, c. and afterwards thrown out into the floor, 
and there grown according to the uſual cuſtom, will 
increaſe or riſe to two buſhels, or double to what it 
was before: therefore 10 buſhels in every 20 are to be 
allowed for that increaſe. 
Now in order to find proper factors to reduce 0 


of thoſe buſhels to their equivalent value in neat buſh- 
els, obſerve the following method. 


I. For the ciſtern or couch buſhels.” 


From 20 = 5 
Subſtract L 46 - 


= faftor for iter or couch 


10 n 1.7 — 18 — 8 
bpuſhels. 
If any number of buſhels from ciſtern or couch be 
| multiplied by the above factor, the product will be equal 
to the neat buſhels at 6d. per buſhel. As for example, 
in 100 buſhels from ciſtern. or couch how many Nw. 


«ape 145 
8 OPERATION. 1 


100 = buſhels. 
8 = factor. 


80.0 = neat buſhels, _ Hh 


x of Male Buſbels, Gee. 20g 


2. For the Hoor buſhels: | 


11 — bel 10 » buſhels i in. every, 20 to be allowe 
for e's l of floor buſhels, therefore the «od 5 


buſhel is = 28 =F ==» TE A common factor for floor 
buſhels. 


Af any number of floor buſhels be lie by the 
factor e. found, the product will be equal to the 


neut buſhels: at 6d, each buſhel. As for example, In 
160-buſhels from the floor how many neat buſhels ? 
| | 0 P E R A 8 5 1 0 N. 


160 buſhels. 
5 = FaQor. 


oh aides Co me 3 : neat buſhels, ; 
p 1 # ; 
3 bu " : 


1 4 
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f 1 ne p *%. 3 * 8 * „ 3 
4 #5 12 FR 
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ui 298 1002, 012 K EH e, ga 
Tage faois found in the Hr Wal 1 a Up Log 
; as unity ta the required factors: therefore. 
the proportions are as n 5 : 
I. As . 5: . 8 :: 1:1.6=faQor 1 couch buſhels: 
2. A. 88 2 1 e + for floor buſhels, 


Now by theſe ados it will be eaſy to find whether 
the charge will ariſe from the beſt of the ciſtern and 
couch, or from the floor; for if the buſhels from the 
beft of che / ciflern and cbuch multiplied by 1.6, the 
factor above found, produce more buſhels: than the 
floor, the charge will 8 from the beſt: but if it 2 
_ _ then F n err mw . 


245 + ALS: * . 2 
e þ I e ee i 


* » 3 \ * 
k . 


1 


- Ovithe char ge may be found by Wie de the floor 
duſhels by 2 72 ; and if the product be more than the 
buſhels from beſt, the chaige will be from the floor; 
N if leſs, then from the beſt of the Fiſt Rt 


e 


-- S@bbbd the content of a floor ge. of 00 161 
buſhels, and the content of the beſt, ciſtern, or couch 
were = : 200 buſhels, from which will the Nene mr 81 


14 


| The proportion by] pen or rule. 1 
on B. | on 8 bs on B. on A. . 
A3 1 : 1.6 :: 100 : 160 buſhels. 
Unity. Factor. l F loor. 


By which I find the amount of the couch, &c. is = 
160 floor buſhels, that is one buſhel] leſs than the num- 
ber of floor buſhels : therefore the charge. will ariſe 


from the floor. 


Or the Wader be found . this proportion. 


- en. on A. en ent & ra, 

1 "MID 6275 #7 160 00.6 2 buſhels. 2 
Unity. F actor. Floor. Couch. 
From whence it alſo appears that the floor gage i is 
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or finding _ Charge of Floor Buſhels. 21 


which reduced to the decimal of a pound ſterling will 
= .4z and then the proportion for the factor will be 


Buſhels. Duty. Buſhels. Duty. FOO 
As 20 * 4 1 04 the 8 


Wow if oo number of buſhels from ciſtern or couch. . 
be multiplied by the above factor, the product will be 
equal to the duty in pounds and decimal parts of * 


pound. 
EXAMPLE. = 


How much will the duty of 2055 buſhels of watt - 
from the beſt of the ciſtern or couch. amount to at 4d. 


If. 2 tenths per buſhel ? 11 | FS 
ts OPERATION. SS 
By the caſh table. By the factor. 


. d. 2055 = N of buſhels, 
2000 = buſhels = 40 6g 7 0 factor. e 
50 = buſhels = 100 — _ | n 
5 3 = ditto 9 0 2 0 41.10 es 
| 28 Aube 
2055 = cy =4t 20: I. 8. d. 
| 412.00=41.2 © 


obs A T. . | 
nun of any number of buſhels from the l. 
RULE X 


Tuts may be done by the caſh table in page 5 

and 207, or by dividing the given number of 
buſhels by 4, and the quotient will be ſhillings, which 
reduced into pounds will. be equal to We. oury”! re- 


quired. 
EXAMPLE. 


What is the duty of 2560 buſhels of malt atom: the foor 
at 30. per buſhel ? WTR 
OP + ea oN. 


* N c . z * 
il. Aoi * 3s F ke ts r . 9 , 
8 3 * c af oO Goeec ood a.. 
875 8 . F 5 * 9 e 407? . TY 
3 . "$7 ; N 5 5 „ * 4 
* een ob | 7 » 
N * 5 r : 
© £15 | 
g : 43 : IM 
: « 
- 
8 


. the caſh able... . 3 
inn e 3 05860 = Ne of bs. 
: 2000 buſhels = = 25 2, 85 | 

500 ditto = abs = : ſhillings. Y 
50 ditto = © 3 5 = 

— L . | — 2 1 * * — uy. 

3 22 3 * 


In like manner BY A ke of any other ſort of 
| goods be found; either by the caſh table or by practice 
which being 15 eaſy 1 ſhall add no more FR but 
Proceed to the next * 


* 


{ , g 
£4 7 Y 8 33 4 „ 
es ** r * 4 
D 
; — . : - * * _ _ 

4 * 

6 N , * 

: " . 
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75 find fattors Fa reducing the odd palms of of one „ denomi- 
nation to their equivalent value in that of another denomi= 
_ ſo as * may produce the ſame 40. 


RULE I. 
I the odd eallons. to be reduced on] differ in 4 : 
and there be the ſame number of to the bar- 


rel, hogſhead, &c. then the factor may be found by di- 
viding the pence that one ſort is charged per barrel or 
hogſhead &c. by the pence that the other denomination 


is charged at, vice verſa, and the quotient will be the 
or required, 


14% N v EN E. U. . 
: When the odd gillons+ to be reduced not only differ 
in duty but alſo in the number, of gallons to a barrel, 


hogſhead, &c. then the factor will be found hy multi- 
plying the pence that one ſort is charged with duty by 
the number of gallons in a barrel, hogſhead, &c. of 
the other for a dividend, which divided by the product of 
the number of gallons to the barrel, hogſhead, &c. and 
the duty of the other, vice n the * will 2 

the 


ö PET TR 435 
for . of odd Gallons, &. 2 13 
the factor eren. as will appear by the Saen ex- ; 


ande D e e ay aye 


1. Tot find a factor to reduce ſtrong beer at ge.. 
barrel o mn at 18. 4%: ory barrel, 1 


cc by 8 >. 
The duty of ul of ſmall, the quotient will be = 
6, the factor required... . 

2. To find a factor for reducing ſmall beer 3 . 
will de only the reverſe; for by turning the . 
diviſor into a dividend it will ſtand thus, 


96) 16. 6.166 = factor . 1 
8 EXAMPLE IL 1 
Suppoſe it were required to find a factor to reduce odd 

gallons of cyder at 108. 8 d. per hogfhead, eontain- 
ing 63 gallons, to its equivalent value in e of 
; fall beer, whoſe barrel contains 34 gallons : * 


RULE Il. 


The duty of a hogſhead of cyder 10 Fu => oy 
& 
and 128 x brats 2 472 = the dividend 


and 16 X 63 = . = 1700 diviſor 


| „ 4 
179 4352 — = 432. = the fator ; 
| £7 12008 ſought 


And if it were required to PIE a to reduce odd 
gallons of ſmall beer to cyder it would be juſt the re- 
verſe; for by turning the divifor above found into a di- 


vidend, a 8 


It will and 25 — 2316=faftor required, 


And i in this manner were the actors in 1 the following 
table ä and as ANF more may be found as mal at 


. wo 


— bY 4 n 4 | - N ? 
L 0M 1 5 © Wh. f 
3 * 15 "i * * 3 * p F . * 
8 En; \ wry, Eu 89 ?y . N Finn 4 A 
1 1 8283 4 * 9, 1 ' ; þ + p bag * : LESS {7 {PP 
214 Of finding of Factors 


ou would reduce any number of odd gallons of what- 


Ions * 1 will give the 2 5 8 


N 7 ; * 1 
SY OST N 5 
GOP OOO OUB EE HOUUOyH 
FEN 
If 82828 88 88 5388 
nnn 2 A 
Of ww ' ' : . 
- © 2 9 * 9899 
0 © „ e 0 „ 0 1 * wt „ 00. Þ B22 
15 S * 
E00 929222 20% 28. 
1 Ao FEEL I Fa 
= 2 0 | £ 
= "nr * —— ; 7 TN 7 | 
Pee? = 
» 4 OW NW AU = v1 ww SANT & 8 
d | 
Ss S SSA 8 i} 
$503 3 


a barrel, &c. and = factor required. 3 


u 
bes the number of gallons i in each are the ſame, andthe Aifference 


io only in the rice than 6 = = band x ==, . : 


. » | © 


- 


0 denomination look into the following table for 
* the factor you want which multiplied by th odd * 


Then a: 52 ꝛc: dx 1 4d = In — wth 6 the faftor 


nanny time be wanted che uſe of the table is fo n 
| and obvious that it needs not much explanation; for if 


To find any factor, let a = number allon k | | 


abe Weng of odd Gallons... 213 


ot the uſe of the foregoing table of factors. 5 


la making. up of the accompts only the even quarters 
of a barrel or hogſhead are charged, and the odd gallons © Mi 
li any) are carried forward to the next accompts: but 
it frequently happens that a trader may not have any ** 
more of that kind of goods to be charged for a long 7 
while, and perhaps not at all; therefore it will de ne- 1 
ceſſary to reduce the odd gallons which remain to aß, 
other ſort of goods that are ſtill depending, or to a fourth 
of the leaſt 'denomination, WHY may be done by he 
help-of the foregoing table. A -- 


* 


For example, ſuppoſe it were required to reduce Ph 1 * 
gallons of X to VI, how many gallons of VI would is 


Pe" 1 
F OPERATION. _— 
© = © "Go S factor for X to VI. * + MY 
BS nfo 4.8 a 
W r N 0 8 Fog | 

300 25 : 1 — * | L 
e 8 2 


27.00 = 8 of VI. 8 4 
This produces 27 gallons, of VI. the. = of which, ey 
is equal to the duty — 4.5 of X beer. .* 
The like may be done by the odd gallons: of any 
| other denomination mentioned in the table. But the ©». | 
operation is beſt performed by t the lines A and Bon the 


rule, which is ſo eaſy that it TO no more exams | 
e 


z 1 s 7 


——_ * A -—_ 


ART. . 


To find fattors for reduci ng ale mea ure to wine ut corn 
meaſure ; ; and 7 2 contra, corn to a and wine meaſure. 


* 
8 ED, 29, $, - F 2 4 * : 1 1 £ 


I O do this obſerve the following proportions, which 
are wrought by the rule of three inverſe. * 6 | 


— 


n as a 
e 3%) * 
N 92 


3 
'S: 8 
Fa 


IF eis Mue, Re. Meaſure, | 
P R writ Or 10 N. 8. 


Fete $13: 1.220779 FA to 
1 FR r= the 349178 x 8 1 
5 112 55 131137 Cę JA 
2150.42. 1:: 282 7,6256 8 
231 12:21 50.42 . 10742] 1 


e 2150.422711: 231 9.309177 to 
118 9 Of the ule of the foregoing faQtors. 5 8 
Ik any number of gallons of ale, wine, or corn meg- 
"Gro be multiplied by its proper factor, the product will 
be ** number of gallons reduced to the meaſure de- 
* 1 EXAMPLE. r 
1 | Reduce 63 gallons of wine meaſure to ale meaſure. 
Fm, ooo DER. 1 
8 19148 = factor for wine 80 n 


63 = gon 1 ** gallons. 
— 
„ 
4914888 - 5 1 


Pros 57. 606324 = = N. steiles rene 


By this we ſee that 51 f gallons of ale meaſure, are 
2 equal to a wine nogſhead; and thus may any 
number of gallons of ale meaſure be reduced to corn or 
wine meaſure by the help of the foregoing factors. 


UBaut for the ſake of whole numbers the ollowing pro- 
14 portion may ſerve well enough for reducing ale to wine; 
* and contra, wine to ale meaſure, viz, 28. 9 is to 11 ſo 
31 is ale to wine meaſure z and as 11 is to 9, fo is wine 


3} to ale meaſure. -.- 
For example, in 51 6 gallons o ale meaſure. how | 
many gallons of wine meaſure? / 


Proportion by the rule. 
on A. on B. on A. 
2 1 3 3% „ 63 =Wine gallons. 
. | Pro- 


or finding of Factors for Salaries, 217 


Proportion for wine to ale meaſure. | 
As 11 N 63 51.6 = ale gallons. - = 
By this 8 the anſwer comes out nearly te 
ſame as that before found by the factor * wine to ale ry 


meaſure, 
"RT; xv. 1 
To fu fattors for ſalaries, both for common and hep 36 years 
at any rate per Wa | 
RULE. 5 


As * number of days in a year is to the ſalary per 
| annum, fo is one day to its falary; which decimal 1 
of the ſalary for one day will be a proper factor to find 
the ſalary of * number of days at that rate. 


EXAMPLE. 


Suppoſe the ſalary to be 51. per annum, what wil! 
the factors be at that rate, both for a common year k 


1 N 365 days, and a leap year N 365 
10 7 


| 1. Fora comaighi year. 
Days. L. N Decimal of a L. f 
As 3bs 7 1 01 3699 = => _ for a _—— yr 


EE . 
1350 1 0 6 
180 . 11 | 
23550 
2190 


1 F " 
4 l ak. +. 5 The Þ N 2. 
* r 8 * 7 * e > ALAS EE 
_ OE TOE OO OS THO 2 OS ST TLETY 


2 18 of + fnding of Factors a for 8 TY 


% 


- 


2. For the lea Sar. 
Days. x Dag, Decimal. "2 
As * iS,” 8 * = = factor for leapyear. 


4 ; 
x ; 3 a 4 


be 465, 


: [Sy 01 3667 


1340 
1898 
4420 
2196 

it 1 
2240 | 
2196 


440 


Thus have I found factors boch for common and 
leap years at the rate of 5l. per annum, and in this 
manner was the ſollowing table of factors calculated. 


COLE on, A Table of Factors for Salaries. 


* 


Salas Factors J Factors Factors Factors 
ay g for a for xl for à ffor a leap 
| - —_— year. gene wee year. 
8. d. r. . | 
0, o| ,013699] 013667 2466750 245901 
we Of 0273971 0273221 522739721 4273224 / 
0; of ,041051] ,040983] | 2316439 2315574 
0; 7 254790 054645] | 120] o| 0. ,328760]| ,3278 | 
o; o| ,068493] ,068106| | 200] of of ,547974] 546443] 
oo ,082191 9 300] ol of 5821917 5819672 
o| of ,109589] ,109289] 400 © ol1.095948 1.022896 
2 6 „131849 2131489} 500| of o[1,36986311.266119 
0] o 136986136620 600 of 011.64353411.039344 
o © 700| of or. 9 78081.912568 
of o 800} of Oz. 1918962. 188792 
of of © 900} Of 0!12.4553t112.459616 
0 95 9 0 ea 
121 6. C4 n 
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= 1 * * 5 
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| 1 an hd 4 | 
= ka * | : 
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: 7 4 : ; : 2 * ny - \ $4644 * b. 2 tg 
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tables. 
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Is that 
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preceding 
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th 
of fact 
of 
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ing the 


Of the uſe of 
adle for 


Jou may find the n 


the table 
ays, 
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for any Kander of 
y the tab] 


pounds an 


B 
number of d 
B 


due in 


you 
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42 


F I Y . : wh KY ; 
| „ % wa . i * * * 4 * \ 
"I j | 
SY 3% 37 8 
8934 s . oma 
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8 : ** . 
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6 , bY 
© . 
. 8 2 
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for or due; for if you look in the fide ek for Rs 
month of its commencement, and in the top or bottom 
columns for the month that it ends in, at the angle of 
meeting you will find the number of days ſrom the time 
of its * notes to the ſame day of the month that it 
ends in; then if. the time of beginning is leſs than the 
time of ending add, if more ſubſtract the difference to 
or from the number found in the table, and that ſum or 
difference will be the exact number of days v. Or the 
* days may be found by adding the number of days of 
ch month included between the be * and end of 
the _ as in 1 following irq ag 


EXAMPLE. _ 


Zapp the Kier to be 5 l. per ke ae much 
would be due to a perſon from the 24th of a une to the 
14th of Auguſt i in a common year? 


| * - Firſt for the number of days. 5 N 


OPERA 15 1 ON. 
by the table. ITE: M adding the days 
The No) under June at in each month. 
the fide of the table 8 15 93 
agalnſt Auguſt in the July 31 
top column is — = 61 Aug. 14 
Time of beginning is — 
' =—— "Tune 24" 
Ending i is — n 24 | 


Diff. lubſtrast — | 10. | | 


* F WE © 5 
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2 9 ” is —— — * ä — — * 
” 


, —— . UII * 


— 
„44% e 
* 5: - 
- 


2 if 
{3 L 


5 
b 
q = 
Ig 
{2 
2 
* 2 
9 
7 
E 
_ 
* 


10 yo 5¹ = N® of 


51 = N? of ys. 


no hd 
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Th hen for the NN M e 
The Eder at gol. per annum in a 1 
common year — — 1 219 
Fiat, 24 £04 Pf + INS , f ‚ a0 TRE 
Number of days 3.0 OW” © HO 1 12 
V4 | N 136986 
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ty, no} "_ A, 1 6 10 3 f equal 6 55 866 f | 
1 example. 3 ; f 


2883 the callary 501. per annum, as before, how 
5 5 would be due from the 268 of June to the ar 
of Avguſt following i in a leap year? 7. 


Firſt for the number of days. 


OPERATION. 


By the table. By adding the days 
| The Ne under June at I pf each month in- 
the ſide, and a gainſt NE. _ cluded between. 
| Auguſtin th topev-_ „„ * Tine: 6 


Difference add..= 6) — as. 
Number of * ͥvQI 8 | 
Tuben for the falary. 
Factor at 501. per annum for leap = 31 BAY 

eva add ac ag — — Py the 67 

; : FER | | 95628 
; : Salary. - T4 N ; EP. 84967 7 72 
« wk . J. 8. d. . 'T 


9 3 03 fers — — = 9,153004 
The . is reduced by inſpection according to 
the direQions i in ap. i. Art. vii, 


5 Note, 


| if any of the bean table are . 

they will ſhew the'amount of «day's ry at 
therein mentioned. ann 

In the ng examples only the groſs ſala 
und, whereas there-marl be-gd:- in a pound dedu 
for tax and charity; therefore the neat ſalary at ol. 
per ann. is but 48 J. 28. 6d. whoſe factor by tab 
5131849 for a common year, which multiplied by Ty 

= 6.724299 = 61. 148. 5 4 d. the neat ſalary for 51 

a ys. 

Bar this deduction for tax and charity may be ww 
by multiplying of the groſs ſalary b. 96255 4 decimal al, 
and the product will be the neat falary. For example, 
let the groſs ſalary be 61: how much will the neat mo» 
ney. be, with the allowance of gd. in the pound? 


OPERATHON. 


# fact = 463.7 BUTTE $1 
Sage 2 


nn * 1 


3.7750 =5 15 6 SZ 8 
But in order to ſave the trouble of multiplying 
bave calculated the following table where 

therein e may be 1 amoſt 1 
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| . Pen |. 1 | 8 | | 4 


e ee 3 
4011 408] 4146} 414] 4282 
ho 4780 2255 4927 5 
5450 5537 5616. 5695 
1 -626E * 643 5 e 8584 
. 20 2219-222024. 2421 
8049 +8144] +8239] 833508432 
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230 Explanation 0 ot the Tables of Ale Areas, 


Of we tadle of ale areas. = 


'In the firſt column, under the & 7-0 in inks, 
ſeek for the even inches of any given diameter from 12 
to 146 inches, and right againſt it under o in the ſecond 

column you will find the area to the ten thouſandth 
part of a gallon in ale meaſure. But if the given dia- 


meter conſiſts of inches and tenths of an inch, then 


ſeek the even inches of the diameter in either the iſ or 


5th column, and the tenths in any of the other 9 co- 


lumns at the head of the table, and at the . of 
meeting you will find the area as before. 


EXAMPLE l. 


Suppoſe it were required to find the ale area of a eit- 
cle whoſe diameter-was 60 inches. I look for 60 in the 
1ſt column, and right againſt it in the 2d column under 
o I find 10.0264-= the area in ale gallons, 


EXAMPLE II. 


Suppoſe the given diameter were 75 3 Genes What 
is the area in ale gallons? 
I find 75 in the iſt column, and the 3 tenths at the 
head of the table, then at the angle of meeting [ find 
15.7918 = the area in ale gallons required. 


EXAMPLE.IH. 


Suppoſe the given diameter were 78.7 inches : to find 
the area in ale gallons. 

I find 78 in the 7th column, and the 7 tenths at the 

head of the table, then at the angle of meeting is 17.25 
the area in ale gallons required. 
And thus may the area of any other diameter within 
the compaſs of the table be found. But if you ſhould 
want to know the ale area of a circle of a leſs or greater 
diameter than any contained in the table, you may find 
it by the following directions: 

1. When the given diameter is under 12 inches, ſeek 
for the area of double that diameter and divide it by 4 
and the — will = the area ROAR 1 

4 2. 


— 


N. 


Pept of the Tables of Ale Areas, wv 


F 2. If the gi giien diameter exceeds 146, ' ſeek for the =. 1 
t 


area of half at diameter in the table and multiply r I 
4, and that product will be equal to the area ſought. | 

dor example in the 1ſt caſe, ſuppoſe it were required to 
find the ale area of a circle whoſe diameter is 6 inches, 
L look in the table for the area of 12 inches, the double 
of 6, which I find to be . 4011, which GIVIGed by 4 
==,100275 S area required. 


Example in the ſecond caſs. | 


| Suppoſe the given diameter 160 inches, what is the 
area thereof in ale gallons? 

I ſeek for 80 = half the given diameter in the table, 
where I find the area = 17.8246, which multiplied by 
4 is = 71.2984 = to the area required. 

And in this manner the area of any other diameter 
that exceeds the bounds of the table may be found. 


A Table to convert gallons i into barrels, & contra, 
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232 To convert Gallons of Ale into Barrels. 


To convert any number of gallons into barrels ſeek 

the given number of gallons, or the.neareſt leſs, in any 
of the. columns except that under. barrels, and right 
againſt it to the left hand under barrels are the barrels; 
and at the head of the table in the ſame column the quar- 
ters, if any. 


EX AML E 1. 


Suppaſe it were required to'reduee 255 geben to 
barrels, Sc. 

1 find 255 in the fourth column e 2 and right 

right en it under barrels is 7. which added together 
is 7B. and & = 255 gallons. 


EXAMPLE II. 


. Suppoſe it were required to. reduce 250 gallons i into 
barrels, c. 
I find in the third column ae neareſt leſs to 250i is 
246.5, which is 3.5 leſs than the given number. Againſt. 
it on the left hand under barrels, is 7, and above. it at 
the head is 4: ſo the whole is 7 B. 1F. and 3.5 G. = 
250 gallons; which is ſo eaſy that i it would be needleſs 
to add ny more * " 


P. 


To gage a fill, and find the content thereof or on _ inch of 


uy 2 4 inches of its depth. 


mean diameters in the alle of wakes 6 inches of Ns | 


gallon, or ſome known meaſure, till the crown is: c 


content required at et. inch of the 8 in wine? * 
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ARE. 4 


n 
— A 
1 


its depth. 
RULE. 


1. UP POSE the ftill to be divided into three parts 
by the lines c d and aoA; then that part from 


the ba cc to the place were the nails j join it to the 4 


body at c is ſuppoſed to be globular, aud may be ga- 
ged as the middle fruſtum or zone of a ſphere, but in 
practice by by taking mean diameters in the middle of 


he middle part or body of the ſtin, VIZ, Gm 8 
C Roy A A, is taken for the idle fruſtum af a ſpheriod, 
and as ſuch may be gaged, but in practice by taking of 


depth. E 
3. The lower part u ⸗ A, BoB, or chat part hig in- | 
cludes the crown, way be gaged as the like part'of be 
copper; or in practice by pouring in of water from a 


vered, which wlh be, when the water arte: the” Cl 
point 0. | YN pp | 


A e i ill was to be e Fo 
gallons, 


B 
* woah * 


* - 
4 +. F " 
; * F M$ my 
. . 
ps 5 6 
W. - 7 — N 
* , e n x 
- By . 
£1 


* 
* 40.3 & ”_ 3 
A p 
4 "+ 


4A 8 ＋ 1 * is 
, — = 
| * 9 a EI 
44%. — 22 1 —— ñ — — nne 
N RN L 5 HY 
E. r E 
5 
1 N 8 
3H Suppoſe with an inſtrument I found the depth of the 
| body o the ſtill do = 30 inches, and that of the globu- 


lar part g d 7 inches, then the whole depth from the 
tcp of the erown to the collar will be 37 inches = g 0; 
aA nd ſuppoſe with a {liding cane I found the firſt mean 
diameter a a in the middle of the upper 3 inches of the 
-, globular part = 54 inches, and the ſecond mean diame- 
* ter 5 in the middle of the next 4 inches = 60.8, as is 
ſet down in the ſecond column of the following table. 
Next I take mean'diameters in the middle of every 
- binches of the ſpheroidal part A E c, c E A, and ſet 
A 4 or alſo down as in the ſecond column of the table. 
1 And ſuppoſe I found by meaſure that the quantity of 
z Water to cover the crown is = 34 gallons, which I ſet 
4% .,down 1 in the fourth codon of the table. 


1 
* * 


wt 7 * 
rin, * 
F AK 

l 

* 


i: 


4 


b APPENDIX. 1 


ü f wine areas in pages 242, We. I find 
the area of each e and place them againſt their _ 
reſpective diameters in the third column of the table. =” 
Then 1:multiply the ſeveral areas by the reſpective 
depths to which they belong, and ſet the products in 3 
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+. _ 
7: 
4 
0? 2 2 C 3 
nag e —— — 5 
e r . 
» 
, 


"Ia © > ns EY 85 
— "<> 


the fourth column, which are the contents of the ſepa- x 
rate parts; whoſe ſum, with the quantity of liquor to 1 

cover the crown, will be ont to 606. Wei = the Whole 
content of the ſtill. | 


. 1 . 

. * 4 : 
as 

« « 


5 


To find how much the Kill will hold on n eyery Inch 


— 


ek 5 "0 f 


3 —— — 


Area: 8 


| | 54.0 

60. 8 
71.0 
72.0 
70.4 


J 67.2 ö 


99144 
Ly 12-368] 


15.263 
17. 140 


15 354 


To cover Cr. 


I Whole cont. 


17.6261 
1755 


— as follows a 


7 


F + : kl . f 
N F . =o »-4 7 * 
— + : . * 7 

z » * J vw 


8 by 7 
EI 2 
% % A 
* 
5 „ 48>; 1» * 


n cont. 


ob. 1 N. 
Hans 
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1 
Ly E 
| 
11 
* & 
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! 
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Pe * 4 "_ mige: 4 
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mn — 5 — 8 m AC 2b — n N — = N e a — 5 * * 
5 , c 7 — — — = x A N 2 _— - . 8 4 = EFT IM + & WII _ 
av —— — 4 © ane IR 2 — —— — * == n S * WE - : * R , . 5 - 
N 5 bs * 8 * * „ wann 2 $6? 1 N l 2 : . 265. > 
*. IT" *% 2 4 5 o , L Ie 5" "ho 3 - > * Wz 
„ 5 : 5 # bs, IA b 
A 9 * , * L : 
Es. < 8 8 5 
Y 4 * * p 


— 


any © wo err 
** 


—— ————ñ̃ — 
—— 8 = 
w * ” 
* — 
- 
q - 


ote 
26 = 209.899 


297. 5 34 


279532ʃ35 


244280037 = 
17.6260 rown. 34 
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© Continued, Continued, 


Wo 


332-410 A 


I] ? 


7 = 193.144 


176.39 
167535 


— — 


159. 034- 


10.755 


142.879 


16. 755 


=. 126.124. 


15354 


110.770 


15-354 


95.446 
45.3545 


80 062 
15-354 


64. 708 
15.354 


49.354 
15.354 


3 ͤͤͤ — 


34. ooo 
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A Table ſhrwing the Content of the Still at every dry Inch to 
the neareft even Gallon collected from the preceding Wark. 


* 
$50 
4 


Dry incs. Galls. [[Dry Tncs. Galls. Dry incs. Tall =] 
| Full, 3 607 || 13 435 [ 26 2170 
1 1 J $597 14 418 27 193 
2 587 [ 1 401 28 176 | 
„ $4: 87 16 | 384 || 29 | 260 
$i 54% $:- Þ- 565 1 7] 367 30 142 | 
s 1 552 18 , | 350 || 3x {| 226 | 
E 19 332 [ 32 111 
| 7 $27 |] 20 315 i} 33 95 | 
8 512 21 J 297 34 804 
9 496 [22 | 280 35 65 115 
10 | 481 || 23 l 262 3 4400s 
| uw | 466 || "24 | 244} 37 | 34] 
| as | 45» if - 25 {|} 227 j|Cov.Cn.| 34 | 


C 
To find the content of the ſtill without taking of mean dia- 
of i . mnelers © 
1. FOR the content of the globular part cc c c, ſuppo- 
ſing it to be the middle fruſtum or zone of a ſphere, 


R-U L E. : 


To half the ſum of the ſquares of the top and bottom 
diameters cc and c c add two thirds of the ſquare of the 


altitude g d, and that ſum multiply by the altitude ; this 
product divide by 294.12, and the quotient will give 
the content of that part in wine gallons. Vide Simpſon's 
Fluxions, page 212. e 
EXAMPLE. 

=. uppoſe the | | 8 

op diam. c c = 50.81; +» | 2550.2 
Bott. diam. c c = 64 ones | 5 F _ * 
Sum of the ſquares —— — = 0646.25 
Half ſum 


Two thirds of ſquare of alt. 7 — = 32.666 


2 669 
Multiply by the altitude —— 3355.79 


2 
Product . eee — — — = 23490.537 


n 
_ „ * > * * 1 * 0 9 0 - 4, 4 \ L 7 " 
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e - ” ke Fg 4 
„* © 


3323-125. 


"4 
0 
4 
% 
2 
x 
9 


9 Ph Rr, 4 
a. 7 I 


6 0 TI. | Var 2 5 —. iP? 
* 3 aps 537 (79. 867 wine qplins 582 
i; 2. For the content of the ſpheroidal. part AE 0 C'E 


4, or the ſbody of the u N 
This is found by An, lo of ch ad. as the fl va- 
riety of caſks. , . | 
| . --:' þ A M P L | 
Let the 


Greateſt diameter E E in the middle 3 
of the body — eee 

Pian, A AS ee atthe end | — 3 

Length do es 


% 


OPERATION. 


To twice the ſquare of E R 72: 
Add the r of c c 64 — =. 


[| II. 
uf _ + 
+> 8 
2 
2 
80 


— 


Sum — 


Multiply by the nde , 30 


de by three t | | 
OY 


To find the content of the part ao a, Bos, or 
the quantity of liquor to cover the crown. 


— 


| RULE. A 


This i is found by the direQions in Art, i ii. * x. 
for the like part of the copper. | 


x Ex AN. 


EXAMPLE % 1 2 
Let che 1 —_— 
Diameter A A at top c of crown = 647 8 13.926 « | 
E 211 — 4 
Alt. of crown ox = en =em — = 2 3 ( .o8g 
Add of the area of 8 — — s .025 
* Sum ſubſtract from the aka the topof the} __ 115 
„ e „ 
Remainder— — . = 13.816 
* by E the * of crown „ s 
5 69080 
Q 27632 
2 2 
E ok of haves to cover the crown | 2 34.5400 
The nie of of the {till is — 491.772 
Globular part is — — = 709,867 
The whole content is — 2 606.1790 
The content found in this manner is within argallon 
of that found before by — of mean ane. 
or k 
X. 
A Cafd 
Me 


I A Cobb Tolle for Dwnits ot ths. ger Bene 


„ 1118 77%. | ++ wow let [hh -. 
3 8 Z of a 3]. | of a 'E Lis. TY 
. 1 ferth. {©} |_| J.. OB 
- x 18 6 > & 
, 5 is 6} r | 
9 c 1 : : 02 . 13 , 7 | MH f 
arp 
| 14 = fjz22.|$ 3 
1 104 3 2318 6 
1 fas 9 err 
IIe 85 3 
{#- »[35| + ||: 10 5 
* g 10  jjas [10 * 
„ 111 4 2 1 1129 [11 2 
C 412] | | 3 j130 11 | 4 " 
| 4x3 4 41213 5 f132 f | 6 
. : F 5.4 g | 
1 >. oh 9 wi 379112 * 
* T 5 9 7 * ng 


Or che uſe of the above table. WI 


I. It it be required to find the duty of any number 
ol gallons and quarters of ſweets. -  _. 
EF - +> Find the given number of gallons in the firſt or fifth 


1 column under the word gallons, then againſt it on the 
* . hand is the duty in ſhillings, pence, and 7th parts 
o 


vf a farthing: if there be any quarts find them in the 
FNͤrſt column, and right againſt them is the duty, which 


i added to the duty of the gallons found before will give 
the duty of the number require. * 
' 2. If the given number confiſts of barrels, gallons, 
and quarts, then ſeek the barrels in the gth column 
under the word barrels, and againſt them on the right 
hand is the duty, which added to the duty of the gal- 
lons and quarts found by the firſt caſe, will give the 
duty of the number required. An example or two will 
make this quite plain. e 


JJ © - 
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EXAMPLE I. 
| Whati is the duty of 7 2 gallons of ſweets ? 
. d. . pt. 
Againſt 7 in the rl Coleman F 
Againlt 2 z ia the ſame column is 0: 24: I 
Their ſod = = duty required 2 104 1 
| EXAMPLE. II. 
What i is the duty of 10 B. 5 2 ge. of ſweets? 
8. d. pt. 
Againſt 10 in the gth cal. under bar is. 6:0: 0-:0 
Againſt 5 in the firſt co). under gall. is o: 1: 104: 3 
Againſt 4 in the ſame column i is — 0:0: 24: 1 
Sum is ola to the duty 3 =Þ b: 2 7 4 
NM 4 A Table 
8 4. 


Table 


1 
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Wine 


4. A 


O 


in incs 


Diam. 


* 10 1 
* 


* 


of the Are as of Ci reles in 


| 


23 


110.0034 
210.0136 
310.0306 


0.0041 


0.0150 
0.0327 


10.0572 
[0.0884 


20048 
.016 


0.034 
0.0600 


0.0919 


0.0057 


o. o 18000. 


0.0370 


2400. 126 5 
. 1714 


0.2231 
o. 28 16 
0.3468 


0.1307 
0.1763 
0.22836 


| 


o. 28780. 
0.353710 


o. 4189 


19-4978 
610.5335 
400.670 
19.77 52: 


0.8813 


10-99 F 


1.1130 
1.2404 
1.3736 


0.4265 
0.5061 
9.5924 
o. 68 56 
9.785 5 
0.8923 
T.oQ59 
I.1262 
12534 
1. 3873 


0.4341 


o 601400. 
0.695310. 
L >} was 


LO 
— 


5. 4400 


1.5137 
1. 6606 
1.8143 


1.9748 


2.1420 


2.3161 
2.497 
2.6847 
2. 8702 


| 3-0804 
3.288 5 
1013-5034 


3.7251 
3-9536 
41888 
44300 
4.6798 
4-9355 
5.198c 
5.4672 


1.5281 
1.67 57 
1. 8 300 
1.9912 


2.1591 


1.6908 
1.8451 


9.90330. 
1.01761. 
1. 13861. 
1.26651. 


1.40111. 
1. 542 5/1. 


2. 0077/2. 
2 1763z. 


23339 


0425155 


2.7038 
2. 8c 
* 


3.3097 
3.5253 
3.7476 
3.9768 
4.2127 
4.4585 
4.7051 
4.9614 
5.2246 
4945 


3.5472 
3.7702 
4. 001 
422 
4.48057 
4.7 304 
4.9874 
5.2515 
88219 


2 35172. 
2.534002. 
2.723002. 
2.918902. 
3.121503 


333093 


3.5692 
3.7929 
4.0234 
4.2607 


4.5049 
4.7558 
8.136 
5.2780 
8422 


41.5.7154 
42 5.9976 


5.7433 
6.0262 


58775 
6.6124 
6. H 6 


| 


77773 
5.0549 
3.3452 
5.6424 
5 0462 


5.7993 


5.8275 


6.0836 


| 


6.1124 


6.374616.4047 
6.672 516.7026 
6 075 TÞH.0070 


* 


in ines 


2 


. 


ws 


0.0441 


910.0719 


0751 


0.143 


1431 


0.2515 
9.3133 


1526 


70. 19130. 19640. 2016 


"#773 
0.3199 


0.33820 0.3893 


0.5398 


0.457 519-4654 


0.5484 


o. 62890. 6381 


0.7247 
(o.8274/0.0383 


9.7347 


0.0781 


o. 10660. 1 105jo 114419: 
0.1572 


0.2069 


0.26331 


0.3205» 
0.3966 


0.5571 


0.6475 . 


o.47 3400. 


9.244707 


1.1657]1.17623 
1.29291. 306 1 
I. 42 89 


0.9257 0.936919-9442 
1. 04.131. 0 532 1. 06 52 


1. 1889 
1.3195 


42199 


0.848810: 
O. 596 . 


1.0773 > 


1.3329 


1.2017 , 


T. . 
1.4229 


1.5717 
1.7213 
1.8777 


2. 0409 
2.2109 


1. 5863 
1.7366 
1.8937 


2.0575 
2.2282 


1.60 10 
1.7520 
1.9097 
2.0743 
22227 


2.3877 
4, 7007 
2.9589 
13-1629] 3-183 


2.4057 


2.7811 


2.4238 


2. 59002. 6088 


2.8005 


1.2852 2.9991 


— —— 


3-37 3713-3957 
3-5913[3-6134 
3-3157}3-3385 
4-0469 4.0703 
—3514:2349 


4-3090 


4-5297 
4.7813 
50397 
5.3049 
5-5769 


4-554 
4.806 
5-0659 
5˙3317 


3.2045 
3.4166 
3.6356 
3.8613 
4-0939 
43333 
4.5794 
4.8324 
5.921 
5-587 


5.604415.6321 


5.8557 
5 
6.7 329ʃ6.7631 


5.8839 


6.4633 


5.9122 
6 1992 
6.4929 
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I.6158|1. 
I.7675|1. 
1.92 59/1. 


2.0911/2z 


2.4420 


2.62 77 [f. 


2.8201 


3-0193 ; 


2.2632 ö 


3.22543 


3.4382 


3.657936 


3.884303. 
4.11754. 
4:3576|4 3520 
4. 04. 


4.8585 


5.11855. 
5˙38 578. 
5:659815.6876 


5-940t 


6.2283[6. 
6 522716. 
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6.8544 
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7. 13207. 632 
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A PP END IX. 
Gallons from I to 46 Inches Diameter. 
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0.04650. 
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A Table of the Hreas UA Circles i in Tine 


81 


: o | TI 


2 


3 


7.19440 7 
7.510t 
1 336] 

8.1634 
F: 


- 


7.22 57 
7-5426 

- 866 

8. 1968 


7˙2571 


7·5747 
7. 8990 
8.2302 
8.5681 


7.288 5 
7.6068 
7.9318 
8.2637 


8.602 3 


7.32010 
7.6390 
7-9647 
8.2972 
8.6365| 


8.5340 
8.8781 
9.2290 
9.5567 
9-9144] 9-9512 
10 285c[10.3224 


3 
9-550 


8.9 129 
9.2645 
9.6228 
9-9883 
10.3599 


8.9477 
9 3000 
9.6590 
0.0245 


20.3921 


8.9827 
9.3356 
9.69 53 

10.0618 

10.4351 


10.662410. 7005 
II. 0466/11. 08 54 
11.ĩ 437611. 4771 
911.83 54.11.8756 
2.240012. 2808 
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— | 
RA. 


35 


— 11 
r 


80 n 
Ow mM mn 


12.6516,12.6929 
13. 0690 13.1079 
13.494 13.533 
13. 9264013. 9658 
44.362 14-4050 
14.8 104. 14509 509 
15.262 815.3037 
1572160757632 
16. 1876016.2296 
16.65 5 116.7027 


17.1399 17.1827 
17. 26250 17. 6694 
18.118818. 1629 
18.6184. 18 6632 
19.12 5219. 1704 
19.6384,19·6843 
20.1588 20.2050, 
20. 685 5 120. 7326 
21. 1155 21. 2669 
2 1.7600 27 Sode 


—— — 


8422.307622. 35 59 


8222.861622. 9107 
8302 3.4228 23-4722 
84.23.9904 24 0405 
88 24.5052 24.6160 6160 


252464 25˙1975 
712 5.7348 28. 7862 

26.3296;20.3317 
26. 931626.9840 
27. — $931 


10.7 387 
11.1243 
14.5105 


11.9158 


12.3217 


170 
13.1540 
13. 5804 
14.0130 
4.4834 
14.9004 
+ $334. 


15.8130 
16.2812 


16.755: 
17.2450 


17.7236 
18.2180 
18.7192 


19.2272 


19.7420 
20. 2636 
20.7920 
21.3268 
2». 8088 
22.4176 
22.9732 
23-3350 
24. 1048 
24.6808 


252636 


25. 8532 


26.4496 


27. 0524] 


10.7769 
11.1632 
11. 5 562 
11.9561 


12.3627 


12.7724 
13.1925 
13.6194 
14.0531 
14-4936 


14-94c9 


10.8153 
11.2022 
1 1.59 59 | 
11.9964 
12.4037 
12.8180 
13.2388 
13.6624 
14.1012 
14. 5424 
14.9409 14-9904 


I 0. 2726 19. 3225 


24.15 50 
2457314 


þ 5. 9048 


15.371175 
15.8 560 15.9072 
16. 3237 16.3756 
16, 16.7281 16.8508 


17. 2795/77˙3332 
17. 7676 17.8220 
18. 2625 12.3176 
18. 7641 18.8204 


19.7879ʃ19.8450 
20.310020. 3684 
20. 838920. 89 14 
21-3746'21,4348 
21.9171 21 780 
22. 22.4663 22. 5284 
23.022423. ©0852 
23.58 530236488 
24.2190 
24.7965 
— — — 
25. 3808 
25.9710 
26.5 $020) 26.5696 
27.105327. 55 


25˙3147 


27.6624 


27-71 58427-7552) 
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Gallons from 46: to 90 2 Diameter. 
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7-3517 
7.6713 
81 7.9977 
8.3309 
8.6709 


7.3833 
7.7036 
8.0307 
8.3645 
8.70 52 
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— ͥͤ — 
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7.4150 
7-7300 
8.0637 
32237 8.4321 


8.7397] 8.7742] 8.8088 


9.0177] 9-0527 
9.37130 94070 
9.7317 9.7687 


10.098910. 1359 
10.472910. 5 106 
10.8537] 10.8921 
11-2413|11-2304 
11-6357|11.6755 
12. 0369112. 773 
12.4449 12.4860 
12.8 59 512.9016 
13.2733113-3236 
13-7056 
{14.1407]14-1938| 
©|r4.5826114.6316 


13.7528 


9.0878 
9.4428 
9.8045 
10.1731 
10. 548 5 
06 
11.3196 
11.715311.75383]ʃ1 
12.1179 112.1585012. 
12 312.8586 12.6100 
12.93 395 12. 12.9856 13.0236 
13. 3625/23 4092[13-4478 

RESELL 13.8788 
14.2205, 14-2795 14.3156 
14.6717 14.7208014.7612 


13.7921 


74468 
7.7685 7.8010 
8.0969 8.1301 


7.4787 


8.4660 


9.8123] 9.1583 
94787 9.5146 
98411 
10.2 103010. 2476 
10. 5864 


(10.9692 11-0079 
I1.3582111-3982 


9.8777 
10.6244 


11.7953 
512.1992 


15.04 121 5.0808 
15.4567115:5372 
[5.9490] 16 :0004] 

16.4180 16: 4700 

16.3929 16.0468 


T5. 2225 


16. 5126 
16.9300 


17-3795117-4393 
:117.5060]17.0204. 
13.3622118.4176] 
18 $653][13.9216 


5119-3757119-4340 


17.47 39 
17-9047 
18. 9887 
19.4778 


N 15.2121 
15.629215. 6709 
16. 0422] 16.c936|16.1358] 
16.5648 16.6075 
17.042817. 0861 


17.5280017.571 5 
13.0199|18.c637 
31: 3$-518c|[18.5627 
19.023219. 0684 
10.3352 


19. 5310 


79.89 78 19-9496 
2X41 52199 R74- 
20.9455| 329049 
21.482 52 1.5428 
22.026422. 0876 


— — — cs | 


8122.577022. 6392 


8212 3.1344[23-1972 
$3 33. 695. 


23.7624 


5124-3344 
249132 


25 4982 


£[26.0908 


26.6900 


65127-29506 


3 


19-2939 
20.5207 
21.0524 
21.5908 
22. 1360 
22. 6880 
23.2467 


24.3847 
24.9039 


$0.0540{20. 1804. 
2.5795 20.626 5 
21.1120|21.t595 
21.6512 
22.1972 


21.6992 
22. 2458 


22.7 50422. 7992 
q=3:3700123-3593 
23-8123 23-$704[23-9263 
| 24.4499124-5200 
25-0296[2 5. C806 
25.5499 5.61643 5.5679 
26. 1427z6. 2 100 
26.7423026.8 1041 26. 8620 
27.3487 27·.4176 27.4708 
27. -9618'28.0315 29,08 62 


20.2621 
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A Table of the Areas of Circles in 
E 8 | O 1 | 2 yy | 3 £ 4 
18. | 


| 92128 7772128.8397 
| 93129-4064[29-4700 
9430.422030. 1061 
x 95 30.6848 


9128.15 5228.2 2e 28 3411128.4032 


29.532929. 596229 6596 


30-7494/30-$141130.$788130.9437} 


8.902 3028. 965029.0277 
30. 170 1030.2 342030. 2984 


J 98132-3341131-3995 
9237.990332. 0563 
1 9832.653333. 200 
9933˙3231033˙·3905 
j_100[33-9997134-0678 


31.464803 1.530331. 5958 
321224032188 532.2547 
32.7868032.8 536032. 9204 
33.4579ʃ33˙5254 
2.383440 


101134-098 31134-7518 
| 102135-37 33135-4427 
| 1043]36.0703[36.1404 
104367241036. 8449 
| 105137.4847[37-5561 


34.820634·8895 
35.512203 5.5877 
36.2 105036. 2807 
36.9157 36.9866 
37-6276|37-0992| 


f 206]38.2021138.2742 
| 107j38.92631[38.9990 
108039657 3139-7308 
109040. 395 140.4692 

11004 1. 1340041. 2 145 


49-5435149-6177 
41.289441. 3644 41-4394 


38.346438. 4186 
39.077 1039. 1449 
39.804 30398779 


Pe, 
— 
[= 
— 


41.89 1 1 41.9666 
4 112142.6493[42-7255 

£13/43-4143/43-4911 
I 14/44-1860[44-2636 
- T15144.9646145-0429 


42.0122[42-1178 
42+8017|42-8780 
43-5681[43-6451 
44- 3412144-4109 
45-1212145-1995 


116045. 7 500045. 8290 
n 17 46.5422 46.62 18 
11804734 12047˙4215 

I 19148. 1470048. 2280 
120048. 959649. 04 12 


123|$1-43 


121/49.7790[49-8613 
122 8557. 50.6882 
2 


| 124|52.2780|52:3623 
{} 125153-1246|53-2096 


51.4219 


45.907945. 9870 
46.701 5 46.7812 
47. 501 

48. 309648. 3901 
49.1229 49-2047 
49-9437|59-0261 


47-5322 


50.7713150-8 

2 31.6894 
5$2.4407| 52-5312 
53-2947| 53-3800 


127154. 
129156. 57 


12 82.3785 54-0637 
| 3820549246 
1128 88.7585 

89 


1_13957-4595 


| 13x]58.3469 
| 232159 2411159330 

133060. 142 160.2326 
13461. 05 1. 1410061. 23236 1.3235 


54.149 50542353 


55˙7922055 87940552666 
56.6667 56.7 545/56.842456 
. 92.8872 


55.011055. 976 


58.436058. 52 52 58.0145 
60.3231160.4137 


59+33091 59-510 


# 135162-9645162-0563]62,1482162-2402{ 


11 
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„ | | , 1 
| E=1 is 4. .6 7 1 
9128.46 54/28. 527628. 5899[28.6524[28.7147| 
9229.090529. 1534 29.2 163029.279 329.3424 
1 93129-7231]29-7868[29.8512129.9139]29-9784 
| | 94 30. 3627 30.427030. 4920030. 555730. 6222 
9531.008603 1.073603 1. 138603 1.20373 1.26894 
96031.6613031.727003 1.792803 7.858 503 1.92444 

8 97 32-3210132.3873132-4537|32-5202|32. 5867 
_ 98132-9874[33-0544133-1215]33-1386133-2558 
| 99133-6606133-7283133-7960133-8639133-9318 
| 100134-3406(34-4090[34-4774[34-5446[34-6145 


| 101135-0274135-0964135-1656135-2347[35-3040] 
10235. 72 10035. 790735. 860 5035. 930436. 0003 
1 10336.42 1336.491836. 562 3036.632836. 7034 
10437228 5037. 1996037. 2708037 · 34200374133 
. 105137-38425137-9143137-9862[38.0581138.1300 


10638.5633 |. 58138.7083[33.7809[38.3 536] 


4 


_107139-2909139-364.1139-4373139-5105139-5339] 
108040. oa 53040. o99 1140.17 30]40.2470[40.3210| 

109040. 766 540. 84 10040. 91 5640. 9902041. 0649 
110041. 5146041. 58974 1.6 5004 1. 7403041.8 157 


12 42.269 3042. 3452042. 42 11042. 497 1142-5731} 
| 722/43-0309143-1074143-1840[43-2607143-3375} 
| 113[43-7993[43-8765]43-9540[44-0371[44-1086 
] 114[44+5745]44-6524144-7304[44-8084|44.3365} 
q 115145-3565145-4350145-5137145-5924145-6712] 
116046. 14 530 46.224 546. 3039046. 38 32 46.4627 
f 117146.9409[47-0208[47. 1008047. 1809047. 2610 
| 223147-7433 47-5239 47-9046[47-9353[48.0661] 
119|48.5525 48.0338148.7151148.7965[48.8780 
1 120149-3685149-4504[49-5325149-6146149.6968] : 
121050. 19 1250. 273950. 356650. 439450. 522 
122J51. 0208051. 1042057. 18765 1. 2710051. 3 54 
| | 123]51.8572[52-9412|52.0253|52.1095|52.19; 

124052700452. 785 1052. 8700/5. 954753·0396 
[_125153:55041$3:6353153-7212153.8067[53-38923] 
126|54-4072154-4932[54-5794[54-665 554.7518 
| 127155-2708155-3575155-4443]55-5372[55-6181 
| 128|56.1412|56.2286[55.3161[56.4036|56.4913] 
129057. 018457. 1065 57˙ 19460572829 57.3712] 
| 139]57-9024157-9911158.o800|53.1699] 58.2539 


131058.79 32058 8326|58.9722[59.0617]59.1514 

|  132|59.6908[59 7809 59.87 11059. 96 1460.05 17 
| 133060. 59 5260.686060. 776860. 867 8060.9 588 
| 13461. 506306 1. 5978061. 68946 1.78 1006 1.87277 
0 125ʃ52.4243 62.516 562.6088062. 7011162. 7024 M 4 


f 


— 


„nB „1 — 


| 
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501 {Table UA the Areas of Ci roles in 


Diam. 


in J 


ic. 


— 
GI 
G 


* 


21 


63.9073 
| 64-3430] 6 


68.7347 68 
52342 


* | 


0 


67 6908 


68. 6529 5 


69.6233 
70. 5098 


71. $331] 


63.0710 
10 0005 
4-9369 
. 8800], 
_66 83000 


*s 


4 


By * 
N 
* 


63.1634] 63.2 


64 0939 
65 0309 
65 9747 
66.9254 


64.1873 8 
65. > af . 


66 069 5 


67 0208| 


4} 


i@2 1 
by 2 * 57 3 . 
| — | —_— 


7868 
7503 
69.7207 
70.6978 
71.6818 


| 72-4738 


74 473 
75 4828 
26.4994 7t 


72.5731 
73-5700 


| 74 $737 


8 
2.814028 


77 5228 
78 5529 


| 


79 5900 
80.6338 


81 6844 


77•5 55 
78.6564 


"$2 7418 
33.8060 8. 


84 8769 
85.9548 
82.393 


72.6725 


73 6701 


74 6744 
75.6 56 
6.7035 


67.8228 
63.8470 
698181 
70.7959 
22805 
72.7720 
73.7702 
74 7752 


92.2753 
68.943 


69.9155 


70. 8940 


28724 


72.8715] 
743-8704] 
74.8761 


75.8886] 
76 9079 


77. 7283 
78.7598 
79 7982 


80 84330 8 
81. 8953 


77.9340 
78.9670 


80.006 


81.0532 
| 82.1065] 


82.9540 
84.0196 


85.0919 


86.1714 
87. 2222 


83.166 


84˙233 
85. 3072 


86.3882 


87.475 


88.1317 
89 2289 
99.3339 


2.92.8643 


91.4457 


88.3510 


89 4494 


9957 
91.6688 


88.5705 


89.6700]: 
90.7778]. 
91.8923 

[2] 93.801300 


93 6896 


100. 584 

101 7578 
102 9376 
104 1242 


94 8218 
95. 9608 
97. 1066 
98 2592 
99. 4705 


93. 02 5 


949354 


96,0751] 9 
97 2216 
282248 


92 7888 


93:9155 
9 


0490 
1894] 
_ 3366 

28 4905 


99+ 5349 


100.7018 
101.875 
103 0559 
104 2432 


99.6512 


100.8181 


101.9932 


103.1743 
104. 3623 


99.7677 


IO2.1110] 102-22 


103.2928103 41144 
104. 4815 104.6007, 


100.9360 72405 . 


105.3176 


105. 22 


106.5 177J106.6381 
10. 72471078458 
108 93850109. 0603 


[110 1591 110.2875 


05. 5570 
[106.7586 


105 9669 
109. 1821 
—— 


105.6769 105.7968 
106.8791106. 9997 
108.0882 108. 2094 


109. 3040 109 4259 


„„ * 8 


— 


110.5250 1 1016493 | 
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80 Inches Diameter, . 


20 


= 


, 


EI: Th 


91 63.4420 


643743 
65.3133 
66.2592 


|_67.2719 


63-5349 
64.4679 
65.4076 


66.3 542 6 
67.3075| 6 


70.0131 


70.9923 
71.9783 


68.1713 


70. 1107 
71.0906 


72.0725 


69.1376 


68.2677 
69.2346 
70.2084. 
71.1889 
72.1763 


2.9711 
73.9707 
74.9770 
75.9902 

77.0102 


d 


151 
152 
157 
154 
155 
156 
157 
158 
159 
160 
| 167 88.6804. 
162| 89.7810 
163] 90.8889 
164 92.0041 
I65| 93.1261 
166 
167 
oy 168 
169 
170 
171 
172 
1173 
174 
128 
176 
177 
178 
179 
280 


78.0370 
79.0706 
80.1110 
81.1582 
82.2122 


74.07 10 
75.0781 
76. og 19 
77.1126 
78.1401 
719-1744 
0.2154 
81.2637 
"wy + 


83.2730 

84. 3406 
85.4149 
86.4965 


37. 5846 


$3.3794 
84.4477 
85.5227 
86.60 5 


73.0707 


73-1704 
74-1714 
75-1791 


76.1937 
77-2150] 77-31 


78.2432 
79.2782 
80.3199 
81.3684 
82.42 38 
83.4860 
84-5549 
85.6306 
86.7155 
87.8032 


9 


63.7201 
62.583 
35903 
66.5443 
| 67.4990 
-68.4605 
69.4288 
70.4039 
71.3559 
22.3746 
73-3701 
74.3724 
| 75-3815 
76.3974 
77-4201 


82.63 57 


78.4496 
79.486 
80. 5291 
81.5790 


83.6992 


84.769 5 | 


85.8466 


86 93150 


88.9221 


82.6939 
88.7904 
89.8913 
91.0001 
92.1160 


93.2387 


88. 9004 
90.0020 
91.1114 
92.2279 

93-3513 


94-2549 
95-3905 
96.5329 
97.6821 


pu ma 


94-3681 
95-5044 
96.6475 
97-7974 
98.9540 


94-4815 
95.6184 
96.7622 
97-9127 
99.0700 


90.1121 
91.2228 
92.3340 
93-464 


94-5948 
95-7325 
96.8769 
98.0281 
99.1861 


9.120% 


90.22 10 


91.3342 
92.4521 
93-5768] 
94.7082 
95-8466 
96.9917 
98.1436 
99-3023 


I00.0008 
101. 1704 
102. 3468 
103. 5300 
104.7200 


100. 117 5 
101.2878 
102. 4648 
103.6487 
104.8394 


100. 2342 
101.4052 
102. 5829 
103.7675 
104.9588 


100. 35 10 
101.5226 
102.7010 
103.8863 
10 5. 0783 


100 4678 
101.6402 
102.8193 


105.9168 
107. 1204 
108.3308 
109. 5408 


106.0369 
107. 2411 
108.4 522 
109.6707 


106. 1570 
107. 3619 
108.5737 
109.7922 


1107720 


110. 8947 


111.01 761 


106.277: 


107.4822 


T108.6952| ic 
109.9 147i 


111.140 


—_ 
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An explanation of the table of wine areas. 
The explanation of the table of ale areas may ſerve 
to explain this alſo, becauſe the diameters and areas ale 
placed alike in both tables; for if you find any diameter 
from 1 to 180 inches in the firſt or ſeventh column, and 
the tenths: (if any) at the head of the table, at the angle 
of meeting you will have the area required to the ten 
thouſandth part of a wine gallon. Ws 3 

And in caſe the given diameter ſhould exeeed the li- 
mits of the table, then, aceording to the directions in the 
like caſe for ale areas, find the area of half the given dia- 
meter, which multiply by 4 and the product will be 
equal to the area required. 


* — 


—— 


| , 
To find the arca of a ſector of a circle. See the following. 


| figure. | 
DEFINITION... =... 

A Sector of a circle is a figure contained between the 

two ſemidiameters and part of the arch of a circle, 
and is equal in area to a triangle whoſe perpendicular 
is equal to the radius, and the baſe equal to the arch line 
of the ſector. ; Tf 
| RULE. 


"Multiply the radius or ſemidiameter by half the 
length of the arch, or the whole arch by the radius, 
and the product will be the area-in- inches; which di- 
vided by 282. 231. 2150.42, will give the area in ale 
and wine gallons, or malt buſhels, 


4 3 „„ ; 4 
N MGR. 

FI 5 5 3 

N - 4 a 


7 a , 
e 


AP 2 EDI as 


The length of the arch line not being eaſily obtained 

by meaſure, I ſhall give a practical method for finding 

the ſame, by having the length of the chord of half the 
arch given; which will come pretty near the truth. | 

Olf finding the area of the ſegment of a circle, 

To find the length of the arch multiply the chord of 
half the arch by 8; from that product ſubſtract the chord 
of the whole arch, and the remainder divide by 3, and 
the quotient will be nearly equal to the length of the. 


EXAMPLE. 


Let the radius bo =qo = co = 17 inches, the chord 
of the whole arch ab = 3o inches, and the chord of 
half the arch 5c = 17.5 inches: to find the area of the 

ſector ach o in ſquare inches. 


OPERATION. 


I. For the length of the arch ac 5. 
Chord of E the arch cb = 17.5 


Common multiplier = 8 


3 140. 
Chd. of the whole arch ſub. 30 

| Remainder divide by 3) 1 10. 0036.6 = arch c b. 
3 2. For the area of the ſector. 
Length of the area ac 90 = 36.666 
Multiply. by 2 the radius: 8.5 


LY 


183330 
293328 


product — 2 311.6610 = area of ſect. in 
8 a | ſq. inches. 


%% ũ n. 


* a , N 4 F W en; * 
Fel aL * — 
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9 


232 APPENDIX. 


ART. VL | 
_ To . the area of. the ſegment of a circle, See 4; WI 


figure. 


DEFINITION, 


PHE i ſe gment of a circle is the part contained be- 
ö tween the chord ab and the arch ach. Now it is 


plain from the figure that if the area of the triangle 
a be taken from the area of the ſector found in the 


laſt article the remainder will be equal to the area of 
the ſegment ac 4 Eq. ol 


R U IL. E. 


Find the area of the ſeQor by the directions given in 
the laſt article; then find the area of the triangie ab a, 
which ſubſtrat from the former, and the remainder 
will be the area of the ſegment required. 


» E'X& MP: LE: | 

MA Let the dimenſions be the ſame as in the laſt articlt; 
ug. radius ab =0c = 17 inches, chord ab = 3o inches, 

chord cb=17.5 inches, and the verſed ſine ec, or 


height of the ſegment = 9 inches, and the perpendi- 


cular height of the triangle es = 8 inches: to find the 
area of the ſegment agbe in inches. 


1 OPERATION. h 


Baſe of the triangle ab = 30 
z Perpendiculareo = 4 


SubſtraQt the product = 120, = area of triangle a bo. 


From atea of ſector = 311.661 
Remainder = 191-661 = area of ſegmt. ſq. 
| | . inches. 


ART. 


bs * enn E 1 5 * 1 ** * * N vY * 8 * * 9 Pn OT rg N MW. * 9 P ol 77” bs 
> 1 ? *R. wh. 5 6 9 r N 1 | 
1 7 * 
* ; 
g 1 f i 
% i, 
— * k 
9 , . o . mm. 
| | x L 2 f n 4 
5 *% + J o 
D 1b 
| ' C4 
„ — v — 


Ar. 3 
To find the area of a parabola. See the following figure. 


Parabola is one of the conic ſections, and is formed 

by cutting a cone by a plane paſſing parallel to the 
oppoſite fide of its entrance, and is equal to 4 of the 
parallelogram that circumſcribes it, vz. D a c is equal 


to 3 of ABCD. | 
| „ REL E:. 
Multiply the baſe or ordinate p c by the perpendi- 
cular or axis a v, and that product divide by I and Z of 


the ſquare diviſors in page 57; the quotient will give 
the area of the ſame kind as your diviſor. 


4.5 


COL LEE EEE EEMEES! 


770 


IN 


EXAMPLE. 


Let the ordinate or baſe p c = 60 inches, and the 


axis or perpendicular a v== 45 inches, what will the 
area be in ale gallons ?_ © RN 


OPERATION. 


"4 


Baſe o c == 00 
Perpendicular a v = 45 
| 300 

240 


1 of 282 = 423) 270006. 38 = area in ale gallons. . 
_ 


Re 


„„ ENT X. 


a ; * A R T. VIII. 
4 To find the content of a parabolic conoid. 
DEFINTITI ORA 


Parabolic conoid is generated by the rotation of the 
ſemiparabola p av about its axe a v, remaining 
fixed till the motion end where it firſt began; and is 


equal to half its circumſcribing cylinder, 
8 ' | | R U L E. | © k, 
Multiply the ſquare of the diameter of the baſe by 

the height, and that product divided by double of the 

circular divſors in page 57, will give the content in the 


ſame denomination as the diviſor. 
3 EXAMPLE. 
Let the diameter of the baſe D c =60 inches, (ſee 
the laſt figure) and the height a.v = 45 inches: to find 
+ the content in ale gallons, | 8 
: + OPERATLON, 
Baſe 5c — —— = 60 
1 | 60: 


* 
6 


. 
1 
9 


*% 


1 Square of o c — = 3600 

| Perpendicularav = 45 

= 4 18000 
= 14400 


TTT content. | 
2 * 359.05 718.1) 162000. (225. 59 ale gallons. 


» 
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- To find the content of the fruſtum of a parabolic conoid. l a 

| DEF INEFION. E 
THE fruſtum of 2 parabolic conoid is the lower | = 

part of the conoid cut off at & 0-6 parallel to the 4 
baſed v c, See the laſt figure. | 
Mg | RULE. Ky 

Multiply the ſum of the ſquares of the diameters of 
the ends by the length, and that product divided by 
double of the circular diviſors in page 57, will give the 
content in the ſame kind as the diviſor. 
Or find the areas of the diameters and add them to- 
gether, and multiply their ſum by half the height; the 
product will be the content. 5 


EXAMPLE. 


Admit the fruſtum's height = vo to be 30 inches. . 
and the leaſt ordinate or diameter do d = 34,6 inches, 
and the greateſt D Vc = 60 inches as before, what 
will its-content be in ale gallons? | 

OPERATION; 
J 
34-6 5 
2076 P Vc ſq = 3600 
1384 dod ſq. 1197,16 
1038 | — 


9 


— Sum = 4797.16 
1197,16 vo == 1 8 
718,1) 143914, 80( 200, 1 = cont. 
o in ale gallons. 
. . 29480 | 
t 
7560 


181 
44 


379 


W AEN DIX. 
_— . Www” A R ＋. N X. 
7 find the conlent of a ſpheriod. 


4 Spheriod is generated by chi rotation of a ſemiel- 
lipſis abouts its tranſverſe diameter till the motion 
end where it began, and is N r to 3 J of its circum- 


Abe ee 
3 U ＋ E. 


Nultipl y tha ſquare of the con hl uga ate e bs the 
tranſverſe iameter, and that pr divide by the glo- 
bular diviſors in Chap. viii. Art. vi. the quotient will 
be the content of the ſame kind as the diviſor made uſe 


of. 
E X A M Pp L E. 

Let the ellipſis in Chap. vii. Art. x. "repreſent the 
ſpheriod, whoſe tranſverſe diameter is = 72 inches, 
conjugate diameter 50 inches : to find the content in 
ale gallons. 

OPERATION. 
Conjugate diam. Od — = 50 


* 


— 


50 
Square of conjugate diam, = "260 | 
Tranſverſe diam. a8 — = 72 
1 Content. 


5 of 35905 — = 538-58) 180000.(334- 21 A. G. 


In this manner may the content of the four laſt 
figures be found in any other denominations, provided 
you make uſe of the proper diviſors for that parpoſe, 


ART 


oh * W e 9 , I N 
iy A Fn q 1 * 1 2 5 en * Y I 7 
7 TO 2 + ae * 
8 "me 
. 


= * 


Aa 


| To nd the ſolidity of the ungulæ or hoof of the fruſtum of 2 
— having the length of the greateſt and leaſi diamaters, 
and ulſo the depth given in inches. | 


Rule I. for the greater hoof. 13 


M ULTIPELY the product of the greater diameter 
and the fruſtum's height by the ſquare of the 
greater diameter made leſs by the product of the leſſer 
diameter, into a mean proportional between the two. 
diameters, and this laſt product divide by three times 
the circular Civiſors in page 57, multiplied into the dif- 
ference of the diameters, and the quotient will be the 
ſolidity of the greater hoof. 

Rule II. for the leſſer hoof. Vi 
_ Multiply the product of the leſſer diameter and height 
by the product of the greater diameter into a mean pro- 
portional between the two diameters made leſs by the 
ſquare of the leſſer diameter, and this laſt product di- 
vide by three times the circular diviſors in page 57, 
multiplied into- the difference of diameters, and the. 
quotient will be the ſolidity of the leſſer hoof... | 

EXAMPELE. 

Let the following figure repreſent the fruſtum of a. 
cone, whoſe greater diameter A B = 36 inches, the 
leſler diameter D c = 30 inches, and the height Dd = 
20 inches; then the mean proportional will be nearly 
= 32 inches, and the difference of diameters = 6: 
inches: to find the ſolidity of the part D A B the greater 


3 and alſo that of p B c the leſſer hoof in ale gal» 
ns. e 


I - 


* 


OPER» 


1. For the greater hoof D A B. 


. Gr. diam. A B = 3 36ͤ diam. = IT - 
Wl Height Dd = 20, 36 Leſsdm,ve= 30 
1 | Þ Prod, — = 720 216 2 Prod. = = 960 

| . 108 | Mu | 

AB ſquare —— 178 | 
2 Prod. ſub. = gfo 

Remains — = 336 
1 Prod, — 720 
6720. 

2352. 


Laſt prod. = 241020 . 


= oy - - 
Z —_ - > OS 

— * - \ a = — N 

— 7, nor. — * _ g 
a : — | 
— 5 : 
n __ — — m JC. we * 
— e V ˙¹•¹m¹ e- Ä * - * = 2 : 
" 4 —_— * a - 93 + "© 2 , N 2A 
5 2 7 by by wc * - ox 
* > . 
A 
. 


* 
- > 8 
* 
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PRO- 
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'Þ 
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3 * 359 X 6 = 6462)241920(37.43 = content in 
; 5 19 386 3 7 #3 ale gallons, 1 

| 


48060 
45234 


* BELT 28260 
| 25848 
24120 
| 19386 
Remains 4734 
2.̃. For the leſſer hoof p . 2 
Leſs diam. Dc = 30 Gr. d. A B 36 | 300 
Height B4 = 20 Mean dm. = 32 3 
1 Product. = 600 0 oc ſqd oO 
e 108 | 


—— 
f 


2 Product. — = 11 52 
pc ſquared ſub, = M 


1 Product, — 600 
Content. 


3 * 359 x 6 = 6462) 1 51200(23-39 = ale 
| _—_ g. 


= r 
Remains — . 5382 


Py a 
7 | j 
8 i 
* 1 5 1 
ESE... at 3 
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Thus I have found the content of the oreater hoof 
D A B = 37.43 ale gallons, and that of the leſſer hoof 
D B C = 23.39 ale gallons, whoſe difference is 14.04 
gallons; which exhibits the error of taking half the 
content of a cone's fruſtum for the ſolidity of the drip 
ofa tun, which in fa& is either the greater or leſſer hoof 
of the fruſtum. according to its poſition, whether it 
ſtands upon its greater or. leffer baſe, 

| This method is very correct, and may be ally put 
in practice in finding the drip of a conical tun; for if 
you take a diameter at the baſe, and another parallel to 
that, where the-water cuts the ſide in the deepeſt place 
when the bottom is juſt covered, and alſo the perpendi- 
cular height, you will have a little fruſtum divided into 
two hoofs, when if the tun ſtands upon the leſſer baſe 
the drip will be the leſſer hoof, but if upon the greater 
baſe then the drip will be the greater hoof, 


FY 


ART. XII. 3 


25 7 f theo content of the ungulæ or beef? of the fruftinn of 
a ſquaue- pyramid, having the length of the greateſt and 
leaſt ſides, and the depth given in inches. 


Rule I. for the greater hoof. 


To twice the ſquare of the greater ſide add the 

product of the gester and lefler ſides, their ſum 
multiply into the depth, and this produQ. divide by 6 
times the ſquare diviſors in page 577 en will 
be the ſolidity of the greater hoof. 


Rule II. for the leſſer hoof. 


2. To twice the ſquare o the leſſer ſide add the pro- 
duct of the greateſt and leaſt ſides, their ſum multiply 
nito the depth, and this product divide by 6 times the 
ſquare diviſots in page 57, the quotient will be the 

ſolidity of the.lcller hoof.. 


r | 1 | EXAM- 


4 
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E X AMP LE. 
Let the following figure a B c D repreſent the fruſ- 
tum of a ſquare pyramid, , whoſe greater ſide A B = 40 


inches, leſſer ſide D c = zo inches, and the depth 4» 


= 20 inches: to find the content of the hoofs D a B 
and D B C in ale gallons, 


LV, 


B 


* » 


1. For the greater hoof D A B. 
OPERATION. 
AB — — 40 A = 40 
= 30 
Square of AB = 1600 Prod.. 1200 
ECTS —— Add = 3200 
Twice ſq. of a B = 3200 — 
: Sum = 4400 
Multiply by dD = 20 R 
. Content. 
6 * 282 = 1692)88000(52.01 = 


3400 
3384 
59 1600 | 
hat ©. 
Remains —— 92 


86460 DAB. ; 


$ 
: 
1 
I * 
1 F. | 
1 
| 
q 
' 
1 
: 
1 


a v.36 * * * 9 
> 1 % - ade LY tags * 1 N 
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2. For the leſſer hoof p c. 
OPERATION. 
DC | = 30 AB = 40 
| ÞD.Dc = ud 


Square of Dc — = goo Prod. 1200 
2 Add = 1800 


Twice ſq. of Þ g 1800 | 3000 
| Multiply by d o = 20 
0 —— Content. 
6 * 282 = 1692.)60006( 35 46 = 
% _ D Bc. 


9240 
8460 


5 7800 


6768 


5 | | 10320 
10152 


| Remains —— .. 168 

The content of the greater hoof D A B =52.01 added 
to the content of the leſſer hoof DB c = 35 46 is 
equal to 87.47 ale gallons, equal to the whole con- 
tent of the fruſtum AB Pp. 

Theſe two rules will be of good uſe in finding the 
drip of any ſquare pyramidal tun; for if the tun ſtands 
ſlanting upon the greater baſe, then the drip will form 
the greater hoof; but if upon the leſſer baſe, the drip 
will form the leſſer hoof of a fruſtum, cut off where the 
water touches the ſide, in the deepeſt place when the 
bottom is juſt covered. Therefore, if the dimenſions of 
the ſides be taken between every 6 or 10 inches of the 
depth, agreeable to the directions given in Chap. x. 

| | Art, 


7 % A 4 18 ” * 
*. 2 1 TOE Yr 
2 ” A * 1 a - 
N 1 
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Art vi. for a conical tun, and the drip be found accord- 
ing to the rules given in this article, then any tun of 
this form may be eaſily inched, and tabulated, ſo as to 
give the content at any deptn. 


VR 


ART. XIII. 


T0 gage any irregular, elliptical, or oval weſſel, by taking 
F a competent number of eguidiſtant ordinates. 


] Have already laid down rules, and given ſufficient ex- 
_ ® amples, for the enden of all ſorts of regular figures, 

whether they be ſuperficies or ſolids; but ſince in prac- 

tice we frequently meet with ovals of an irregular form, 
ſuch as brewers tuns, diſtillers backs, &c. which con- 
tain more than the ellipſis, and leſs than a circle, con- 
ſequently their true areas cannot be found by any of 
the preceding rules; therefore that nothing may be 
wanting, it will be neceſſary here to ſhew how this may 
be effected, whenever ſuch caſes ſhall occur. 

In order to do this, I ſhall have recourſe to the me- 
thod of equidiftant ordinates, whereby we ſhall be en- 
abled to find the true area of any irregular oval what- 
ſoever, let its curvature be what it will, whether greater 
or leſs than the ellipſis; nay, if it ſhould be found equal 
to an ellipſis, yet ſtill it will hold good, and the area 
wiil be found exacily true, as may eaſily be proved by 
working of-an example both ways. _ FE | 

For, by the method here propoſed, we take the real 
and actual dimenſions of the veſſel, and can thereby - 
truly dete: mine the area thereof, notwithſtanding the 
irregularity of the curve. | 

The more irtegular the figure is, the more ordinates 
or diameters ſhould be taken; for the more we take, 
the nearer ſhall we approach to the truth ft. 

But firſt I ſhall ſhew how to take the dimenſions 
with a chalk line laid over the bottom of the tun, &c. 
and held by an afiſtant. Strike the tranſverſe or longeſt 


7 Og dlame- 
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* 
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diameter A c (vide the following figure, ) and at right 
angles thereto, in the middle of it, ſtrike the conjugate 
diameter, or greateſt ordinate, D n, which is called 
quartering the tun. At any convenient diſtance ſtrike 


a line, as p p, parallel to it; then meaſure the longeſt 


diameter AC, which meaſure and divide into 6, 8, or 


- Io equal parts, according to its length, and the irregu- 


latity of the curve. Then ſet off thoſe equal parts on 
the tranſverſe, or longeſt diameter, beginning from the 
center; and alſo upon the line parallel to it, where make 
marks; then lay the line over the parallel points, and 
ſtrike the ordinates aa, bb, cc, which muſt be meaſured 
exactly, and their meaſure noted. If both parts of the 


oval are alike, then taking of the ordinates of half of it 


will ſuffice; but if unlike, the ordinates of the other 
part muſt be drawo, and meaſured likewiſe ; but then 
the middle diameter, or greateſt ordinate, will be com- 
mon to both. | TT eee 

Now to find the area, I have calculated the two fol- 
lowing tables; the former of which is to be made uſe 
of, when the ſegments aaa, Fey are elliptical, or nearly 


ſo, then the area will be found at one operation; but if 


the ſegments are nearly circular, then the area of the 
figure, excluſive of the ſegments, will be found by the 


| ſecond table; and the area of the ſegments be found ſe- 
parate by Art. v. page 250. and added to the area of 


the middle part, whoſe ſum will be the area required. 


Or, if the ſegments are nearer the form of a parabola, 
the area may be found as ſuch by Art. vii. page 251. 


* To find the area by table I. 
Mc,ultiply half the ſum of all the ordinates by the tranſ- 


verſe, or longeſt diameter, and that product divide by 


the tabular numbers, viz. if ſour ordinates be taken, 
then by the numbers againſt 4; if ſix, by thoſe againſt 
6; if eight, by thoſe againſt 8, &c. and the quotient 
will give the area required, either in inches, ale or 
wine gallons reſpectively, according to the diviſor made 


"uſe 0 ., | 


np = | N. B. 
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N. B. The middle or longeſt ordinate (being com- 

mon to both parts of the figure) is reckoned for to in 
the number of ordinates , whether the Pr are 
alike or unlike. 6 | 


ö Ĩ?0o find the area by table H. 


Multiply the half ſum of all the ordinates by the diſ- 
tance between the firſt and laſt ordinate, and divide the - 
ug the diviſors in table II. according to the 
number 9 ordinates taken, counting the greateſt ordi- 
nate for two as above, and the quotient will give the 

area of the whole figure, exclufive of the . ſegments. 
Then find the area of the ſegments, whether they be 
circular or parabolical, by the preceding rules laid down 
for that purpoſe, which add to the above area, whofe 
ſum will be the true area of the whole figure 

If, by the irregularity of the figure, it ſhall be Gods 
neceſſary to take more ordinates-in one part of it than 
in the other, then the area of each part muſt be found 
ſeparately, by dividing the product of half the ordi - 
nates, and the diſtance of the firſt and laſt ordinate, by 
the proper diviſor-; v1z. if there are four ardinates taken 
in one part, and fix in the other, then the diviſor for 
the former will be found againſt 8, and that for the 
Jatter againſt 12, Sc. 


7 AB L E K. 
umber wil 5 Diviſors for The areas 3 
| ordinates. | Inches. [Alc gallons. [Wine galls | 
| 4 237589] 670, 548.8 


| 6 1 3.42266 965.2790. 6 
| 8 4.45086 3 I 1028.1 


| 
| 

- m0_ 1 5470217 42.6 | 32636 

| TS 6.48455 1828.6 1497-9 | 

14 | 749573] 2113-3 | 1731.5 

16 . | 8.50476] 2398.3 1964.6 

IS -- 2682.5 | 2197.3 

| 2966.2 2429: 8 5 
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4H OR Bar 1210 
 ] Number of | Diviſors for the areas in 
| | ordinates. Inches. [Ale gallons. Wine galls.| 
4 1.95065 550.1 | 450.6 | 
- 6 2.92232] 824.1 675.1 
8 .[3-9D188].. 1100.2 gol.2 | 
4. 40 4 88472] 1377.2 11284 
i 187054 1655.7 |. 1356.2 
Fr 85974] 1934-4 | 1584.6 
1945 7-34993] 2213-7 | 1813.3 
| 218 8.841480 2493.3 | 2042-4 
1. 20 _ [9.83403] 2773.2 | 2271.7 


| 


be gaged, whole longeſt diameter a c = 120 inches, 
greateſt ordinate DB 87.8 inches; and ſuppoſe I took 
three ordinates in each ſemi-oval, at 15 inches diſtance 
from each other, viz. cc dd = 85.2, bb = ee = 76, 
= 61.5-inches; to find th 
allons. 


and aa= ff 


| by the firſt method in ale g 


Admit the an 


EXAMPLE. 
nexed figure to repreſent the tun to 


* 
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e area of the tun 
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OPERATION. 
4 = 61.5 1255. 1) 37260. 0029. 68 = area 


bb = 76. | | 25102 in A. G. 
e 32 e 
+: DB= 87.8 > f 121580 
a —— 112959 
E Sum — = 310.5 5 . NN ; 
0 ACS 120 dae 
1 75306 
62100 1 
: | 100408 
Product = 37260.0 
52 8632 


In this example, the ordinates in each ſemi-oval being 
alike, at equal diſtances from the greateſt ordinate p B, 
therefore their ſumis equal to half the ſum of all the or- 
nates required. 

Secondly, to find the area of the aforeſaid fi gure, 
ſuppoſing the ſegments a AA and 958 C f to be _ to * 
ſegments of a circle. 


e X A M P L E. 
aa = | by, 'S 11002)279450(25: 40 feres 

cc = 277 | — 

D3= 59410 

DB= 2.8 | 55010 
dd = 85.2 — 
ee= 76. 44000 
ff = 61.5 44008 
Sum — = 621.0 Rem. 8 


Z Sum — = 310.5 
Diſt. * 90 


ProduRt = 279450, 
rm. Na 


1 
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In order to obtain the area of the ſegments, we _ 
meaſure the length of the half chord a a, which in this 
caſe we will ſuppoſe to be 34.2 inches. 


Chord of half the aren as — = 1 


Chord of the whole arch aa = "Shs 


Leng th of the arch ana — 8170.7 
Half the radius of — circle — = 


RE. „ C15 £7: 
Arena of the ſector —— = 1 es 
Subtr. area of the triangle =-7 38. ; 
Area of the agent aa — = e Rog 
Area of the ſegment fc f — , 640.65 
Area of boch fegie i in 6 inches = 1281 30 
1 £63 Q — * 
f 282) 1281. 3004. 54 = = area of the er in A. G. 
1128 25.40 = area of the wiggle part. 


— — — 


5 13533 29.94 = whole area in ale gallons. 
L 5 1410 
; 5 


5 a2 —— — ——. 


1230 „ 
1128 N 


102 - - ff} 


Now having found the area of the foregoing ff 
by both the methods propoſed, we will try what it wil 
Hnount to, if it were taken for an ot 


OPER- 


| hs PPEN DIX. 


OPERATION. 


357.8 S Conjugate 1 f 
120 Tante] diameter 


7s : 5 


7— — 


ae 00429 34 = area in A. 8. 


335500 
© 323145 

123550 

107715 


158350 
r | c 
—— — £4 3 


:' IRIS! 


"By the -firſt e | the area = 29,68 
By the ſecond method — = 29.94 
As an ellipſis area — = 29.34 


DP 


From hence it is evident, that if this figure had been 
taken and gaged as an ellipſis, the area would not be 
correct; it would be too little,” however the ſegments of | 


"I were. 


And it Play appears, that this method of gaging 
by equidiſtant ordinates muſt be the moſt accurate aud 
correct, of any whatſoever; though it. muſt be con- 
feſſed, that it will be found a little more tedious and 
; troubleſome! than the common methods made uſe of, 
yet nevertheleſs it ĩs praQicable, and therefore neceſſary 
in gaging and tabulating of diſtillers large backs, &c.. 
whole curvature is commonly greater than that of the 


ellipſi 2 
N 3, 


— 


3 
a f 
l i 
A. 8. 1 
Y 


Thoſe: 
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Thoſe backs, We. generally ſtand on their greater 
baſes, and it will be proper to take ordinates between 
every 10 or 15 inches of their depth; which may be 
effected, by meaſuring the tranſverſe, or longeſt diame- 
ter, at any depth aſſigned, and dividing it into any 
competent number of equal parts; which being done, 
ſet off thoſe equal parts from the center, each way, on 
the longeſt or tranſverſe diameter drawn on the baſe of 
the back or tun, and alſo on the parallel pp, through 
which points d:aw the ordinates on the bottom of the 
back, &c. then a line and plummet, hanging at reſt on 
the bottom ordinate, will ſhew where the ordinates are 
to be meaſured at the fide, at any depth whatſoever ; 
and this work muſt be repeated, for wo fruſtum the 
back or tun is divided into. 


a 
— — — — — — — ICETICIY 


ART. XIV. 


To find the contents of the three r/l varieties es of caſts fland- 
17 on their . every inch of their depth, by having 
the head and anda. diameters, and length in inches, given, 


which i is commonly called inching of caſts. 6; 
- 1ſt.” For the firſt n. 
e 


10. JHIVIDE 2 of the difference of the arbag of the 
head and bung diameters by the ſquare of half 


the length, . the quotient will be a common multi- 


n plier. 
2. From the ; area of the bung diameter ſubtra& the 
product of the ſquare of the diſtance from the bung into 


the multiplier, and the remainder multiply by the diſ- 


tance from the n whoſe en will by the content 
| Wen N = | 


8 hy For 


* "x. * 0 TR Ie N 2 * * * k * * * 0 1 3 * + 4 0. 7 AVE SE, * : l z a - ai» : 4 
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2d. For the ſecond variety. 
RN 25 


Divide ++} of the difference of the areas of the head 
and bung diameters by the ſquare of half the length of 

the caſk, and the quotient will be a common multiplier 
for the fecond variety, which muſt be managed in the 
ſame manner, as that given for the firſt yariery. x. 


5 _ 3d. For the third variety, 1800 


Divide g; of the difference of the areas of the head and 
bung diameters by the ſquare of half the length of the 
caſk, and the quotient will be a common multiplier for 
the third variety ; which managed according to the 
rule given for the firſt variety, will give the content at 
any inch of its depth. | 

But this will appear more plain, by a few examples 
which I ſhall exhibit, in inching of a caſk of the ſame 
dimenſions, with reſpect to head, bung, and length, 
ſuppoſing it to belong to either of the three firſt varie- 


ties. | 
It, Example for the firſt variety. 


Admit the length of the caſk to be 28 inches, bung 
diameter 27.2 inches, and head. 22.6 inches, to find 
how many wine gallons it will contain on every inch 
of its depth, when it ſtands upon one of its heads, 


J OPER. 


7 N * 1 Ls * 4 N * 
+ os : R 8 2 
1 7 
lt * 


14 B. diameter 27 2 
1101 56 n 


19 


Content of the firſt inch — 


| For the ſecond inch. 
From the area of the bung diameter 
Subtract. 001 3246 * 2 ſquared — 


Remainder. — 


Content at the ſecond inch =m=—— 
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8 OPERATION. 
2 Len. 14 Inch. Area. 


) = mv | 
— H. diameter 22.0 = 1.7366 


483 
392 
913 

. 


I Then for the firſt inch from the 
From the area of the bung diameter = 
Subtract . 0 13246 * 1 ſquared = 


LR 


—— 


1293 
117 


— —ꝛ 


rss 
0013246 


: Factor. 
013240 


2.141754 


2.6165 
= „05298 


= 2.510302 


2 


— 


— 


— — 


5 5.020404 


For 
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For the third inch. 
From 8 bung diameter 


; -Remainder AMY. Of 


Content at the thir d inch — = 
YE \F or men le Ret | 


From the area of the dung diameter = . 


Subtract .001 3246. * .4 ſquared — 
Remainder. — 


* 


I 3 S | - 8 | 
Content at the fourthangh i | —— =: 


Subtract "9982349, * een * = 


* 4 a 
2: 
73 


2.5156 


011921 


2.503579 


3. 


7.5 10737 


2.5155 
a 


2.40430 


4: 


9.977228 , 


Having found the content of the four firſt inches, the 
reſt are eaſily found by adding and ſubtracting of the 
differences; for the third differences being all equal 
throughout the fruſtum, by finding of the firſt, it will 
faffice for all the reſt. As for 9 the third dif- 
. ference: in this, caſe is .0079, which added to .0238, . 

will give. O31) for the third of the ſecond difference; 
which ſubtracted from 2.4665, the third firſt difference, 


1 caſk. © Loh 


will give-2.4.368 for the fourth firſt difference; which 
added to the content of the fourth inch, before found, 

will give the content of the five firſt inches from the 
bung; 3 as will appear by the enſuing table. 
this manner. ae wr you come 10: half the InP - 


And in 


9 WHT as. | We n 
„ Earn 8 by * * 
f RH" ,A\ L K 
4 8 


274 AP P E N DI X. 


A Table for the firſt:Variety. 
* dogs a LE LITER by . l 2.4 — T x 
Inches 


kom Contents. 1RDiF. ad Dif [34 bir, | 

} Brng. | os * 

| IG 2.5142 
2 5.0204 | 2.4903 | 238. 079 


25002 6159 0079 


2 
3 | 7.510% 2.4665 0317 f. c | 
4 | 9.9772 | 2.4348 0396 0079 Þ - 
5 I2-4120 | 2.3952 |. -0475 | -OC79 [| 
6 | 14-8072 | 2.3477 | -0554 . 0079 
7 | 17-1549 | 2-2923 | .0633 0079 
8 | 19-4472 | 2.2290 | .6712 | 0079 
9 | 21.6762 | 2.1578. 0791 | .oc7g | 
23.8340 2.078) | .0870 . | 
_ a5 9427 | 1.9927 | -0949. 1 -0079 þ. 
2 27-9044 | 1.8968 | .1028 | f 
3 f 29.8012 1.794 12 a5: 
EI BE SSL... | 


2 K „ = 8 — 


The above contents are the ſolidities at every inch 
from the bung to the head; which. being found, the 
contents on e very inch of the lower fruſtum may be had, 
by continually adding of the firſt differences, beginning 
at the fartheſt inch from the bung, and fo proceed up- 
Wards. And the content at every inch of the upper 
fruſtum is obtained, by adding ef the firſt differences 
to half the content of the cafk, beginning av the firſt 
inch from the bung, and going downwards. An in- 
_ Rance of which I ſhalt at large exhibit in the table for 


| the ſecond variety, 

5 4 26. Example for the ſecond variety... _ | 

— Suppoting the caſk to be inched were of the ſame 
dimenſions as that in the laſt example, and to belong 


to the ſecond variety ; to find its content on every inch 
in wine gallons. 


J 


OPER- 


PA hat 


2 22 3 wa W 
is 2 7 Ph 
+ 
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OPERATION. 


mw TT VI "Ip 
 Bung diameter = 27.2 = 2.5155 


Head diameter = 22.6 = 1.7366 
het 7789 
7 
18) 5452303029 
54 
36 
Z Length = 14 3 
14 1563 
_ 162 
56 5 — ; 
14 1 1 
196). 30291. 001545 = multiplier. 
. 196 | g | 
1069 
: 980 | 
890 1 | | 1 
1060 
1 
80 1937 
For the firſt inch. 


From the area of the bung diameter 2.5155 
Subtract. oo1 545 X I ſquared — 001545 


Content of the firſt inch —— ; 2.513958 
N For 


1 


„„ re 
— — 
- ou 
CA OK 1 ” 
E 2 7 g 

© 5 9 * _ oe” 3 

* 2 * 9 
4 e „ 

Po K — 2 
£m 

7 


{ 
I 
1 
| 
15 
b 


2765 „eso, 
For the ſecond hen. 


F rom the area of the bun diameter 


CE I „ 


2 


Content of che thin inch. 
For the fourth inch. 


Subtract. oor 545 * ö — = 


— 


\ 


will be as in the following ta 25 


2.50932. 
2 


| SubtcaRt 001 545 * 2 fquared- * =, v5 N. 7 

Content of the Tana, inen = 
; Fe or the third inch. 

From the area of the bung diameter = 

Subtract con 545 * 3 — — = 


5.01864 


2.5155 


0.013905 


ere 


3 


| Finkn the area of the bung diameter An 


7.504785 


2˙5155 
0.02472 


PII IE 


Content of the fourth inch = 


2.49078 
4 


9.96312 


Having found the contents of the four firſt. inches, 
the reſt will be had by adding and ſubtracting of the 
differences, as in the laſt exa le; which, when done, 


„ „ ®.:« 


ne, 


: book. 
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1 
Table 
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15 ; * 
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for the |, cond Variety. 16h, 


- 
' - 
: 
. 
- . ” 
, * 
. 


7 o 
« * — 8 * % 
* . \ SF 4 
* . 
2 
# 


LwoarNS CY, 31S 
* r 


r | 5 
from Oontents. |-1{t Diff. zd. Diff. 3d-PD.ff q 
bung . ; 1 | - = 
— — — mn — — — — 
L 1 01850094 
„„ . 0279 - «0094 . 
1 0373 |. YT 17 
BB, - 0407 | .0094 | 
1 0561. 94 
Spa 6655 0094 |. 
2 10749 | 0094 
Ak. 0843 0094 
Los.” 0937 | -0094 
" LO! F* 1031 0094 
3 | +1125 | +0094, 
HS | 1219. 3 
13 29.281; 15 { 
4 5 1,6 Mi 9) Pak | $4 A * 


As the conten 


ts found in the two prece 


eding tables 


begin from the bung to the head diameters, they will 
not anſwer the end ſo, as to ſnew the content on every 
inch of a, ſtanding caſk without a farther operation... 
Thberetbfe E Mall, in this example, according to my 
romiſe, he the contents on every inch, in gallons 
and decimal parts, ſrom the bottom to the top of 'a 
ſtanding caſłæ; and alſo collect the ſame to the neareſt 
even gallon; which latter will be the only neceſſary. 
numbers from the whole proceſs to inſert in the table- 


* 


The firſt diffe 


the content on every inch of the upper half of the caſk; 
which being done, it will ſtand as in the enſuing table. 


rences being continually added for the- 
lower fruſtum, beginning from the bottom and pro- 
ceeding upwards, will ſhew the content at every inch 
of the lower half of the caſæ; and by adding of firſt- 
Uifferentes to the half content of the caſk, beginning 
at · the top and proceeding downwards, you will have 


* 


4A Table 
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A Tan ſhewing the Content of a Caſt of the 426466 Variety 


on tt Inch "FI its Depth. 
. "mw N Contes. 
[Inch Contents, i | Contents. in even 
- E — galls. 
I | 1.0023 33-5139 | 3 
23.4465 36.0185 36 | 
| 3 6.3432 38.5048 39 | 
4 | :7-4330 40-9631 | 41: | 
5 | 9:4355 43-3841 | 43 | 
6 | 11.6143. 45-7584 | 46 
7 | 13.8670 | 48.0766 | 48 
8 | 16.1852 50.3293 50 
| 9 | 18:5595. 52.5071 53 
14 10 By © 5 54.6006 | 55 
| 31 | 34999 56.6004 | 57 
12.| 25.9250 58.4971 | 58 
13 | 28.4279 | 60.2813 | 60 
14 | 3 _ 62. 62 | 


3d. IRA for the third variety, 


Suppoſing the caſk to be inched were of the third 
variety, and the dimenſions the ſame as before, vis. 
head 22.6, bung 27.2, and length 28 inches; to 1 
and tabulate the ſame in wine gallons. 
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OPERATION. bo 


.. .. Inches, Area. 
From a area of B. diameter 2.7.2 = = 2.51 55 
| Subtr, area of H. diameter 22.6 = I. 736 


t Length = 14 a 
14 1 7189 
6 | 
1 1 9)3. 1156 multiplier 
— 196) . 
„ 196 
„ 5 
. 4 1 1372 
1297 
1176 
1217 
1176 
Fin ene 
From the area of the vang diameter ,= 2:51 & 
Subtract -001766 X W — = ln 
Content of the firſt inch = 2.513734 
For the ſecond inch. 


From the area of the bung diameter = 2 5155 
3 n * tata — = 0.007064 


2. 508436 
2 


Content of the 2d inch — = 5.016872 


For 


— 


= _ . — — — — 9 of | 
1 _ ES ork ab HH = Þ= 
- = * — * 
—— x !, ̃«[ . ˙ x ̃³ N Cs 8 'B 
> ” > 
l - . = 
; "= 
> 
4 
, We, 
* * Wo 
&, by F 
4 
* 


r Es 


* RD nes — 


* 
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. For the third Inch. 


Proc the ail by the bung diameter 2.155 
Subtract e * e — S 1865 


content of the third inch* 


| a For the fourth W 
1. the area of the bung diameter = 2.5155 


of 
25 
S 
OO 
©O 
— 
©O 


Subtract 00.1766. * 4 ſquared — 0.028256 
OST” | ny 4 
Content of the 4th inch = 9.948976 


— 2 


The contents of the four firſt inches being found, 
the reſt will be found as before, by adding and ſub- 
tracting of the differences; which being ſo eaſy, that 
it will be quite needleſs to add any thing further on this 
head, therefore I ſhall conclude with the following ta- 
ble, out whenceithe caſk may be inched and tabula- 
ted,. juſt in the ſame | manger Eh was ſhewn. for the ** 


end * 
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281 
A Table fur the third Variety, 
e 0 7 | 5 — _—z 
from | Contents. | 1ſt Diff. zd Diff. 3d Diff. 
bung. : 11 
| 1 | 2:5137 | 2.5031 | .o211 [. o107 
| 2 5.0168 2.4820 | .0318 | .ono7 | 
| 3 | 7-4988 |. 2.4502 | 0425 | .olo07 | 
4 9940 | 2.4077 05320107 
5 | 12.3567 1 2.3545 | .0039 |] .0:07 
6 | 14-7112 | 2.2906 | .0746-] .0107 
1 | 17.0018 | 2.2160 | .0853 | .o107 
41 8 | 19.2178 | 2.1307 | .o960 . 0107 
9 | 21.3485 | 2.0347 | +1067 | .0107 
10 | 23-3832 | 1.9280 174.0107 
j 11 {| 25.3112 | 1.8306 | .1281 | .o0107 
— 12 | 27.1213 | 1.6825 | 1388 
4 23 | 28.8043 | 15437 
1+ 130349}. — 
— — lube — PETE 


i: ART. XV. = 
To find the content of a couch or floor of malt, having the 
a length, breadth, and depth given in inches, by a new me- 


thod. 
MuüLTIPLYy. half the length of the floor by the 
breadth, or half the breadth by the length, and 

that product by the depth; from this latt product cut 
off three figures to the right hand, and it will give the 
content of the floor ſeven buſhels too much in every 
100, and ſo in proportion for a greater or leſſer quan- 
tity ; which exceſs, may be deducted either by ſubtrac- 
tion or multiplication. 8 
If the malt diviſor had been 2000, this method would 
have anſwered without any deduction; but ſince it is. 
2150, the multiplying by half the length or W 


ft 5 


1483 APPENDIX. 


will give too much, it being in effect only dividin by 
2000; to remedy this. if you multiply the produ % 
the length, breadth, and GPM, by 93» you will find 


the true content. 
For as 2150 : 2000: : 1: 93 = 


multi be 


Or if you ſubtract ſeven buſhels for every 100, and 
7 for every 10 buſhels, or. o/ for every inge buſhe], 


you will have the content as before, 
EXAMPLE. 


Admit the length of the floor 400 inches, breadth 
2159 and depth 4 inches; to find the content. 


Breadth 41136 
Half the length = 200 
Product = 272. 
= 93 
516 
1548 


K 


159.96 = content i in buſhels 


By ſubtragion. 
Product = 172. 


Subtract 12.04 


159. 96 content as above. 
For 100 dedu@ 7. buſhels. 


For 70 deduct 4.9 
For 2 deduct . 14 


Sum — = 12.04 


q 


This 
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This method of caſting of malt gages being ſo very 
eaſy, that to me it appears quite needleſs to add any 
more examples. 

And I think it will be of uſe to o cer in making of 
compares, before they enter the gages in their books, 
and may de a means of preyeoting many miſtakes. 


Fi . 
* * . n 


ART. XVI. 
To money ciſtern or couch buſhels in a ſhort and ready manner, 
R UL. Z. 


Mutti the two firſt figures to the right 
hand by + and the produR will be ſhillings and 
| tenths, the re multiply by 2, the porn will be 


pounds. 
a EXAMPLE I. 


"Nm is * duty of 4562 couch buſhels? 


e bo * * A T IO N. 


Anſwer 911. 48. 9d. f. 4. 
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E X AMP L. E 11. 18 1 


Ae the 155 of A couch bn 9 Ns 
ae 3 


Anſwer e 651. 78. 28, 6.85 qld du 
Half of which = 221. 12875 7d. 4 S der, daß 


20 And at the requeſt.of. ſeveral, friends in the exciſe, 
and for the ſake of pupils and young officers, 17 5 at 
the latter end. given Feyelants of accounts made up, 

viz, for exciſe,, malt, Sandles, fo pe, .hidgs, and paper, 
and have drawn an AA Rem Ne b. J Which are 
ſo made up atid ⁊itledi agaiuſt dvery Fitting on large 


| ſheets of paper ruled for that. purpoſe, OS to the 
following ſpecimens, © '* 


E X. 


— 4 
0. 
9 2 
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- Fourth. 


X 
I20 


vil. Rs Cyder. 
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Rum 


= 784 =, Common 25 
1261 — Victna N 2 62 


4 
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Brewers 
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Total _ 109 17 3 
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—_— 10 7 Fu 
8 RS. N n 18 3. — — => 
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— " fe Pr WS F | 
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C Ask, one hundred and nine pounds ſeventeeen ſhil- 


lings and ſeven Pence. 


47-9 3: 
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Exciſe Voucher from 9ber 10th, to 10ber 224, 


— 


Vieuallers. 


X. | ks 


z3oT} 18 | q 
| „ 8. d. 
i | Col.] 1200 78 47 - 
5 0 : 24 Col. 126] 38 173] 62 a 4 
— — . Total 109 17 7 
281 201 4 . — p — ů 
7 3512 | The amount of this Voucher is one hun- 
| : $ 2 dred and twenty barrels of Common Brew- 
——ſ—— | ers ſtrong ; and ſeventy-eight barrels, and 
144] 10 | 2Þ three firkins of ſmall beer. 3 
— One hundred twenty-fix barrels and half 
* 91 1 of Viduallers ſtrong, eighty-eight barrels 
-= and half of ſmall beer, and ſeventeen hog- 
102] 9 | 23{ ſheads and three fourths of cyder. | 
. ach one hundred nine pounds ſeventeen 
_3F ſhillings and ſeven pence. TE 
Wm. Symons. 
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Fourth Round Voucher. i 


From gber 1oth: to 1ober 22nd. 1768. 
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| Cyder 1766 Voucher from ober 91b. to 1ober 224. 1768. 


— i 


N® of f 4 | | 
; kh, L. s. d. VV 
* | 
| 1 
= | 
ET WE. 
E+ 
| ! 
| * 
: | HE | 
| l 
8 I 
n 173 5 6 66 


The amount of this Voucher is ſeventeen hogſheads and 
three fourths of cyder. 
Caſh is five pounds fix ſhillings and fix Pence, 5 
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Fourth Round Voucher. 
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gber roth. to 10ber 22nd. 1768. 
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Malt Voucher from gber 10th. to 10ber 22d. 1768. 
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Column, . 
The amount of this Voucher is nine hundred and thirty 
buſhels from Beſt, three hundred twenty-four from Floor, 
and eighteen hogſheads and three fourths of Cyder. 5 
Caſh old duty is twenty-ſix pounds, eight ſhillings, new 
duty eleven pounds fix ſhillings and ſix pence, 
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From gber 10th. to lober 22nd. 1768, 
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Weight. I. 


4894 at one Penny per pound ——. 20 7 10 


Caſh twenty pounds ſeven ſhillings: and ten pence. 
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The amount of this Voucher is four thouſand eight hun- 
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Caſh is twenty pounds ſeven ſhillings and ten pence, 
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Sie Voucher from gber 10th. 1% lober 22nd. 2768. 
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The amount of this Voucher is four thouſand ſeven hun- 
dred and eighty-four pounds of ſope. ö : 
Caſh is ninety-two pounds and eight ſhillings. 


"» 4 4 


* - 
# 
* — 
» 
- 
* 
— 
1 
— > 
4 * 
* » JE 
j 
% 

U 

* \ 
. % 
* 8 
1 hs. i E 
* ha 2 
I — 
3 3 
* 
” 
» 
* 
* = 
* 1 ” 4 - [IFN * 75 2 © ws 


£ NP) 4 N Renn 

7 5 . q 

an * q * * "SY 8 
* * 2 * 


5 
— 


x g - 


ws © N 0 f 
r — r 8 res , 
| » " ade * 2 : mo. Set 4 —ÿ— ä „ A e noo BEI WY 4 


Ma. * 


o ; 
Wes * 1 * N + . ö 
10 D 5 277 4 #1 Fg Nei LL bs 4. . x vigh 1 4. * 3 y 
" K Dy b — * * [1 : 1 1 2 (hs F S 7 5 * % 4 « 
* . 


fax * - : 
0 © A vor : , 
— - _ . * \ * 


„ e 


: 7 
* 7 : * 3 
— * 4 v — 
| 6; 
2 9993 : 4 
„ ov 40 1 1 5 „ i 
> 9 W. eo. > a i 12h 14 rh 4/6 i wage ws $40 Karel rs” 4 
: . * a — — EI Ing 
IE — © 1 : 
F 
£ . 
? + 
- ! 1 
BY 
& 4 6 
, * 


2 


: 
* 
\ 
* 
———ůj— _—  — —  — — — — 


+ Z 
& * j % | 
A > ] 
» — \ | - T ö 
* 
1 * 
. "4 1 4 , 
* * - 
. 4 ; 1 
1 * Ko 1 : * 0 — 
- 5 X. . 
* | 
* £ 
* + N 
8 4 
883 8 ; 1 | . 
4 = 


x * 
1 £ ? - . wy 
* . * * v + * £4 i * * 4 37 3 
" + - _— 
x : 
* 1 o * 1 1 » ”, * 
* * : „ 
* : #38 ; 3 N x Y ? 
4 — 1 — 4 4 ol i * # + 7 «I 3 


4 : 


* 
b 


2 
— 


* 


: 8 ; ” 
"TE "4 „ - 
1 * oy 
». . ; g * 4 
- F 


n 


— Collection. 


——— — Diviſion. 


4 Fourth Round Voucher. 


From gber roth. to ober 220d, 1768. 
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Ditto ſecond, 491137 — 


Fine pot, 170018 1 
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Whited- brown 6809 per bundle 
Charged ad valorem, 24 


18 1. per cent. [291 
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The amount of this Voucher is twenty-nine reams of 4 
forty-nine ditto of ſecond, one hundred and | © 
ſeventy reams of fine pot, two hundred and fifty ditto of 
ſecond, one hundred and five reams of large brown cap, 
eighty-eight reams of ſmall ordinary brown, - ſixty-eight 
bundles of whited brown, with two hundred and forty 
reams charged ad valorem, valued at t 
ſhilling, and two pence. 
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24. per Pound | of 1] 3 
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| Round Hide Voucher from Nov. 10, t Dec. 22, 1768. 
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eight hides and ſkins, weighing one chouſand nine 
Tanned, J hundred and twelve pounds; with ninety- three 
pieces ad valorem, value ſixteen ſhillings and 
 Leight piece. 5 

Two hundred ſixty-eight ſheep, &c. weighin 

. {| threehundredthrity-five pounds; ſeven dozen an 
Tawed eight ſkins flink, without hair; ſeven dozen 
J and eight ſkins with hair on; two hundred thirty- 
| | one horſe hides, with twenty pieces ad valorem, 

value ſeventeen ſhillings and ſix pence, 

Two thouſand ſheep, &c. weighing two thouſan 
Dreſſed | three hundred and ninety-two pounds; four hun- 

in oil. J dred ſixty- four deer, &c. weighing five hundred 
land twenty-two pounds, with fix pieces ad valo- 
rem, weighing three pounds, valued five ſhillings, 
Casn, ſeventy-five pounds eighteen ſhillings and fix 
pence three farthings, = | 


The amount of this voucher is fix hundred thirty< : 


Wm, Symons. 
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From 10ber 31, to Jan. 3t, 1768. 
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Cant for low wines, is nine hondred kfry pounds thirteen. : 
tHillings and four pence. -© 
Ditto for ſpirits, nine hundred ſixty-five _ fix ſhil- 
lings and three pence, 
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The amount of this 8 is five thouſand gallons of 
low wines, and three thouſand gallons of ſpirits, from malted 
corn, &c. eight thouſand two hundred gallons of low wines, 
and four thouſand one hundred allo of ſpirits, from cy- 
der; one thouſand nine hundre by and twenty gallons of low 
wines, and one thouſand two hundred and eighty gallons 

of ſpirits, from foreign. wine and cyder imported. 


Caſh for low wines, is nine hundred fifty pounds thirteen 
ſhillings and four pence. | 


Ditto for ſpirits, is nine hundred fixty-five * fix ſhal- 
ad and three pence. 
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